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ABSTRACT 
 
Permeability affects the performance of structure through the soil and 
rock pavements. Percolation of water, through the interconnected voids 
of soil and rock pavement, causes a number of soil and rock engineering 
problems such as settlement of buildings, yield of wells, seepage through 
and below the earth structures. In this study, laboratory and field 
permeability tests, based on the principles of falling head and lugeon 
test, were conducted on different borehole in Merowe irrigation project 
area and Khartoum New International Airport (KNIA), to study the 
correlation between the laboratory and the field permeability values. The 
main objective was to assess whether the field permeability values could 
be estimated from laboratory permeability values or any other parameter 
estimated from laboratory or field.  
The results show that there was a significant difference between the 
laboratory permeability measured and the field permeability values. The 
reason behind this discrepancy was further investigated and explained in 
this study. Nevertheless, there was a very good relationship between the 
laboratory permeability (KL), and the ratio field/laboratory permeability 
(Kf/KL). Also there was a good relationship between field permeability 
values and some parameters estimated from laboratory and field. 
 
 
  
 
 
 
  ﺍﻟﺨﻼﺼـﺔ
. ﻤﻥ ﺍﻟﻤﻌﺭﻭﻑ ﺃﻥ ﺍﻟﻨﻔﺎﺫﻴﺔ ﺘﺅﺜﺭ ﻋﻠﻰ ﺃﺩﺍﺀ ﺍﻟﻤﻨﺸﺂﺕ ﺨﻼل ﻁﺒﻘﺎﺕ ﺍﻟﺘﺭﺒﺔ ﻭﺍﻟﺼﺨﻭﺭ  
ﺘﺴﺭﺏ ﺍﻟﻤﻴﺎﻩ ﺨﻼل ﺍﻟﻔﺭﺍﻏﺎﺕ ﺍﻟﻤﺘﺭﺍﺒﻁﺔ ﻟﻁﺒﻘﺎﺕ ﺍﻟﺘﺭﺒﺔ ﻭﺍﻟﺼﺨﻭﺭ ﻴﺴﺒﺏ ﻋﺩﺩﺍﹰ ﻤﻥ ﺍﻟﻤﺸﺎﻜل 
  .ﺘﻬﺩﻡ ﺍﻵﺒﺎﺭ ﻭﺍﻟﺘﺴﺭﺏ ﺨﻼل ﻭﺃﺴﻔل ﺍﻟﻤﻨﺸﺂﺕ ﺍﻟﺘﺭﺍﺒﻴﻪ, ﺍﻟﻬﻨﺩﺴﻴﺔ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻤﺜل ﻫﺒﻭﻁ ﺍﻟﻤﺒﺎﻨﻰ
ﻓﻰ  ( seloheroB)ﻓﻰ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺃﺠﺭﻴﺕ ﺍﻟﺘﺠﺎﺭﺏ ﺍﻟﺤﻘﻠﻴﺔ ﻭﺍﻟﻤﻌﻤﻠﻴﺔ ﻓﻰ ﻋﺩﺓ ﺍﹼﺒﺎﺭ            
ﻤﺸﺭﻭﻉ ﺭﻯ ﻤﺭﻭﻯ ﻭﻤﻁﺎﺭ ﺍﻟﺨﺭﻁﻭﻡ ﺍﻟﺠﺩﻴﺩ ﻭﺫﻟﻙ ﻟﺩﺭﺍﺴﺔ ﺍﻟﻌﻼﻗﺔ ﺒﻴﻥ ﺍﻟﻨﻔﺎﺫﻴﺔ ﺍﻟﺤﻘﻠﻴﺔ 
  .ﻭﺍﻟﻤﻌﻤﻠﻴﺔ
ﺍﻟﻬﺩﻑ ﻤﻥ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻫﻭ ﺘﻘﻴﻴﻡ ﺍﻤﻜﺎﻨﻴﺔ ﺤﺴﺎﺏ ﻗﻴﻡ ﺍﻟﻨﻔﺎﺫﻴﺔ ﺍﻟﺤﻘﻠﻴﺔ ﻤﻥ ﺍﻟﻘﻴﻡ ﺍﻟﻤﻌﻤﻠﻴﺔ          
  .ﺃﻭ ﺃﻯ ﻤﻌﺎﻤﻼﺕ ﺘﺤﺴﺏ ﻓﻰ ﺍﻟﺤﻘل ﺃﻭ ﺍﻟﻤﻌﻤل
ﻭﻗﺩ , ﻤﻥ ﺨﻼل ﺍﻟﺩﺭﺍﺴﺔ ﺍﺘﻀﺢ ﺃﻥ ﻫﻨﺎﻟﻙ ﺍﺨﺘﻼﻑ ﻜﺒﻴﺭ ﺒﻴﻥ ﺍﻟﻘﻴﻡ ﺍﻟﺤﻘﻠﻴﺔ ﻭﺍﻟﻤﻌﻤﻠﻴﺔ           
ﺘﻡ ﺍﺴﺘﻨﺒﺎﻁ , ﻤﻥ ﻨﺎﺤﻴﺔ ﺃﺨﺭﻯ. ﺸﺭﺤﺕ ﻭﻭﻀﺤﺕ ﺃﺴﺒﺎﺏ ﻫﺫﺍ ﺍﻷﺨﺘﻼﻑ ﺒﺘﻔﺼﻴل ﻓﻲ ﻫﺫﺍ ﺍﻟﺒﺤﺙ
 Lk/fk)ﻘل ﺍﻟﻲ ﺍﻟﻨﻔﺎﺫﻴﺔ ﻓﻰ ﺍﻟﻤﻌﻤل ﻋﻼﻗﺔ ﻗﻭﻴﺔ ﺒﻴﻥ ﺍﻟﻨﻔﺎﺫﻴﺔ ﺍﻟﻤﻌﻤﻠﻴﺔ ﻭﻨﺴﺒﺔ ﺍﻟﻨﻔﺎﺫﻴﺔ ﻓﻰ ﺍﻟﺤ
ﺃﻴﻀﺎ ﻭﺠﺩﺕ ﻋﻼﻗﺔ ﻗﻭﻴﺔ ﺒﻴﻥ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﺤﻘﻠﻴﺔ ﻭﺒﻌﺽ ﺍﻟﻤﺘﻐﻴﺭﺍﺕ ﺍﻟﺘﻲ ﺘﻡ ﺤﺴﺎﺒﻬﺎ ﻓﻲ  (. oitar
  .ﺍﻟﻤﻌﻤل ﻭﺍﻟﺤﻘل
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CHAPTER 1 
INTRODUCTION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER ONE 
INTRODUCTION 
1.1  General 
 Permeability is one of the most intriguing properties of materials that 
engineers must deal with. A material is porous if it contains interstices. 
The porous material is permeable if the interstices are interconnected or 
continuous. The property of a soil or rock which permits flow of water 
(or any other liquid) through it, is called the permeability. In other 
words, the permeability is the ease with which liquid can flow through it. 
Every soil and every rock satisfy this condition. Nevertheless, there are 
large differences in the degree of permeability of the various earth 
materials. A soil or rock is highly pervious when water can flow through 
it easily. In an impervious soil or rock, the permeability is very low and 
water cannot easily flow through it. A completely impervious soil or 
rock does not permit the water to flow through it. However, such 
completely impervious soil or rock do not exist in nature, as all the soils 
and rocks are pervious to some degree. 
Field and laboratory tests should always be made to establish important 
properties of all materials used in a number of soil and rock engineering 
problems, such as settlement of building, yield of wells, seepage through 
and below the earth structures. 
Geologically description can give an indication of general levels of 
permeability and help in selecting a suitable depth to be tested.                    
 
 
 
 
 
 
 
 
 
1.2 Need and Scope   
The study of seepage of water through soil and rock is very 
important, with wide field applications. The knowledge of this 
property is much useful in solving engineering problems and the test 
results of the permeability experiments are used: 
i. To estimate ground water flow. 
ii. To calculate seepage through dams. 
iii. To find out the rate of consolidation and settlement of structures. 
iv. To plan the method of lowering the ground water table. 
v. To calculate the uplift pressure and piping. 
vi. To design the grouting. 
vii. To design pits for recharging. 
viii. And also for soil freezing tests 
1.3 Objective of the Study 
The objectives of this study were as follows: 
i. To review research performed by others and determine the state 
of the art of field permeability measurements. 
ii. To practice and demonstrate the use of lugeon test in Sudan.   
iii. To review current laboratory permeability testing devices and 
their testing procedure for accuracy. 
iv. To correlate the field tests with the laboratory testing procedures. 
v. To determine if a correlation exists between field permeability 
and other measurable soil classification. 
 
 
 
 
 
 
 
 
1.4 Thesis Content 
The layout of this layout is: 
Chapter 1,  is an introductory to the thesis.  
Chapter 2,  reviews literature of permeability in soil and rock, definition 
of permeability, coefficient of permeability, classification of 
permeability, methods for determining permeability, factors influencing 
permeability, and control of permeability. 
Chapter 3, explains the project location, the methodology of field and 
laboratory tests carried out for all boreholes and summarizes of the 
results obtained. 
Chapter 4, presents the correlation of field permeability and physical 
properties, correlation of laboratory and field permeability values, the 
discussion of the results and the physical parameters that help in 
estimating the field permeability  
Chapter 5, presents the conclusions drown for the results and outlines. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER 2 
LITERATURE REVIEW 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.1 Introduction 
Knowledge of the permeability characteristic of soil and 
rock is required for many construction projects in which drainage 
is an important feature. In many applications the use of a flow net 
analysis together with permeability data, enable the rate of 
seepage of water through or under a structure to be estimated and 
seepage pressures to be calculated. Permeability is a major 
parameter used in the design and assessment of landfill sites and 
the investigation of contaminated ground.  
Knowledge of permeability is essential in a number of soil 
engineering problems such as settlement of buildings, yield of 
wells, seepage through and below the earth structures. It controls 
the hydraulic stability of soil masses. The permeability is also 
required for determining drainage characteristics, design of 
landfill sites, investigation of contaminated land, design of earth 
dams and sheet- pile walls, design of channel, ground water 
lowering feasibility and design of filters used to prevent piping in 
hydraulic structures.  
Investigating the permeability or flow of water through 
rock subjected to high confining pressures is often necessary. The 
capacity of a rock mass at depth to transmit or yield water is of 
particular importance when designing deep structures such as 
tunnels.  
2.2 Definition of Permeability 
                 The term “permeability,” however, has several definitions for 
describing the flow of fluid in soil or rock masses. 
           Permeability is defined as the rate of discharge of water at a 
temperature of 20° C under conditions of laminar flow through a unit 
cross sectional area of a soil medium under a unit hydraulic gradient. (36) 
 
 
 
                Permeability of rock, as with soil, is a measure of the ease-with 
which fluids may travel through a medium under the influence of a 
driving force.(37) 
              Permeability is a property of soil which is roughly similar in 
nature to the electrical conductivity (not resistance) of solids. It denotes 
capacity of soil to conduct or discharge water under a given hydraulic 
gradient . (15) 
   Voids in a soil mass provide not only the mechanism for volume 
change, but also passages for water to move through a soil mass. Such 
passages are variable in size, and the flow paths are tortuous and 
interconnected. If a sufficiently large number of such paths act together, 
an average rate of flow through a soil mass can be determined under 
controlled conditions that will be representative of larger masses of the 
same soil under similar conditions. 
Under gravitational forces, water movement through soil is called 
percolation or seepage. The measure of this movement is called 
permeability (12)  
Permeability is the proportionality "constant" between the fluid flow rate 
and an applied pressure or potential gradient. Figure (2.1)  illustrates this 
for flow of a single incompressible fluid. 
Equation 2.1 is the Darcy's law, which for single-phase, one dimensional 
flow, constitutes a definition of permeability. The other terms in the 
equation are the superficial velocity (the flow rate) and the fluid 
viscosity. The superficial velocity is called also Darcy velocity. This is 
the volumetric flow rate divided by the cross-sectional area normal to 
flow (q/A). (34) 
                                                          pA
llqk ∆=
µ
                         (2.1) 
 
 
 
 
Where 
µ is the dynamic viscosity of the fluid. 
 
Fig.2. 1 Flow of A single Incompressible Fluid. 
 2.3 Coefficient of permeability 
In 1856 Henry Darcy (1803-1858)(11) described the results of an 
experiment designed to study the flow of water through a porous 
medium. Darcy's experiment resulted in the formulation of a 
mathematical law that describes fluid motion in porous media. Darcy's 
Law states that the rate of fluid flow through a porous medium is 
proportional to the potential energy gradient within that fluid. The 
constant of proportionality is the Darcy’s permeability (or hydraulic 
conductivity). Darcy’s permeability is a property of both the porous 
medium and the fluid moving through the porous medium. Darcy’s flow 
velocity for laminar flow is defined as the quantity of fluid flow along 
the hydraulic gradient per unit cross sectional area. 
                                            v = k i               (2.2) 
Where 
 k = Darcy’s permeability or hydraulic conductivity (m/s) 
i = hydraulic gradient 
 
 
 
Hydraulic gradient i is defined as the rate of drop of total head along the 
flow path. 
                                      
l
hi ∆
∆−=                (2.3)        
i  is the space rate of energy dissipation per unit weight of fluid. 
∆l soil sample length. 
Total head difference h∆ is the sum of differences in velocity head, 
pressure head and elevation head.  
                              z
g
v
pg
ph ∆+⎥⎥⎦
⎤
⎢⎢⎣
⎡∆+⎥⎦
⎤⎢⎣
⎡∆=∆
2
)2(             (2.4)   
 where                                       
∆P difference in fluid pressure 
∆(ν2) difference in square of fluid velocity 
∆z height difference between two points 
g acceleration due to gravity 
p density of the fluid 
Muskat(1937)(24)produced the relationship between Darcy’s permeability 
and the unit weight (γ) of the fluid. 
                                     µµ
γ pgKKk ==        (2.5) 
where K is known as intrinsic permeability which is a function of 
particle shape, diameter and packing .  
Kozeny (1927)(17) derived a relationship between intrinsic permeability 
(K ) and porosity( n ) by considering the porous medium as a group of 
channels of various cross sections of the same length. He solved the 
Navier-Stokes equations for all channels passing across section normal 
to the flow to obtain Kozeny’s equation 
                                2
3
s
cnK =         (2.6) 
 
 
 
Where c is the Kozeny constant whose value depends on the shape of the 
capillary 
(c=0.5 for a circular capillary). s is the specific surface of the channels 
(surface area per unit volume of the channel). 
Carmen (1937,1956) (6) improved Kozeny’s equation to obtain 
                            2
32
)1(180 n
ndK m −=             (2.7) 
This is commonly known as Kozeny-Carmen equation. The intrinsic 
permeability (K) of the porous media is linked to a characteristic particle 
diameter (dm) and the porosity (n). The intrinsic permeability, unlike 
Darcy’s permeability, is independent of gravity. This definition offers 
clarity to the centrifuge modellers studying seepage flows. 
2.4 Classification of permeability 
No other property of soil or rock exhibits a wider range of values (up to 
ten orders of magnitude) or shows greater directional (anisotropy) and 
spatial variability in a given deposit as does the coefficient of 
permeability. The approximate range in coefficients of permeability for 
soils and rocks is shown in Figures (2.2), (2.3), (2.4) and (2.5) and 
Tables (2.1) and (2.2). Within the range, extreme variations of 
permeability in situ are possible due to the degree of stratification or 
heterogeneity of the rock or soil deposit. 
          Approximate values of coefficient of permeability for various 
types of soils and the recommended method of determining these values 
are assembled in Figure (2.2) (Casagrande & Rutledge 1940)(9). As the 
Figures indicate, it is difficult to obtain reliable value for the coefficient 
of permeability of soils that contain appreciable quantities of silts or very 
fine sand. There is no indirect method of computing the permeability of 
such materials, and laboratory tests are likely to be extremely unreliable 
unless made by experienced technicians. (35)    
 
 
 
        Figure (2.3) is a chart for the conversion of permeability values 
from one set of units to another (Lohman et al. 1972).(37) The 
approximate range in coefficients of permeability for soils and rocks is 
shown in Figure 2.4 (Milligan 1976). (37) 
       Table2.1 shows the type of soil most appropriate for certain kinds of 
earthwork construction. The various soil groupings in the USCS 
generally relate to engineering properties typical for each soil group. 
These relationships can help direct an investigation toward specific soil 
types best suited for the type of earthwork to be constructed. 
Gravelly soils are normally preferred construction and foundation 
materials because of their low compressibility and high shear strength. 
The GW and GP soils are pervious because they contain little or no fines 
to fill soil voids. Ordinarily, good drainage is ensured. Their properties 
are not affected appreciably by saturation and, if reasonably dense, these 
soils have good stability and low compressibility. In these respects, GW 
soils are better than GP soils. The GW and GP soils are virtually 
unaffected by freezing and thawing. As the sand, silt, and clay fractions 
increase, the matrix soils begin to dominate the gravel skeleton structure, 
and the total material assumes more of the characteristics of the matrix. 
When properly compacted, GC soils are particularly good material for 
homogeneous, small earthfill dams or other embankments, or for the 
impervious sections of high earth dams. Permeability of GC soil is low, 
shear strength is high, and compressibility is low. A mixture’s 
permeability is reduced as gravel content increases because solid 
particles replace permeable voids until the gravel content reaches an 
amount at which the matrix soils (i.e., sand, silt, or clay) can no longer 
fill the voids between the gravel particles. At that point, permeability 
increases with increase in gravel content. Structural characteristics of 
 
 
 
gravelly soils are largely controlled by density, amount and shape of 
gravel particles, and the amount and nature of the matrix soils. Usually, 
cohesion less gravel soils have high shear strength and low 
compressibility when placed at a relative density of 70 percent or above. 
Structural characteristics of coarse sands approach those of gravelly 
soils, but the structural characteristics of fine sands are more like those 
of silty soils. As in gravelly soils, density and amount and nature of the 
matrix (silt and clay) control the structural properties of sand. The SW 
and SP soils are pervious; whereas, SM and SC soils are semipervious to 
impervious depending upon the amount and character of the fines. When 
adequately compacted, SC soils are good for impervious earthfill dams 
and other embankment materials because of their low permeability, 
relatively high shear strength, and relatively low compressibility. Other 
engineering problems encountered with sands are normally related to 
density. Stability of pervious saturated sands remains high as long as 
adequate drainage is provided. 
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 Figure 2.2 Approximate values types of coefficient of permeability for various types of soils and there recommended 
method of determining these values. After A.Casagrande and Rutledge 1940
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Fig.2.3 Permeability conversion chart 
After Lohman 1972 
 
 
 
 
 
 
 
Figure 2.4 Approximate range in coefficient of  permeability of    soils and 
rocks. After Milligan 1976. 
Shear strength of saturated sands containing appreciable amounts of silty and 
clayey fines will be controlled by water content; thus, as density becomes 
lower and water content becomes higher, shear strength decreases. (12) 
          In Table (2.2) the size of pore space and interconnectivity of the spaces 
help determine permeability, so shape and arrangement of grains play a role. 
Water can permeate between granular void or pore spaces, and fractures 
between rocks.  The larger the pore space, the more permeable the material.   
However, the more poorly sorted a sample (mixed grain sizes), the lower the 
permeability because the smaller grains fill the openings created by the larger 
grains. "The most rapid water and air movement is in sands and strongly 
aggregated soils, whose aggregates act like sand grains and pack to form many 
large pores. On the other hand, clay has low permeability due to small grain 
sizes with large surface areas, which results in increased friction.  Also these 
pore spaces are not well connected. Clay often creates confining layers in the 
subsurface. In rocks with fractures, the size of the openings, degree of 
interconnectedness, and the amount of open space all help determine 
permeability. (29)  
        Soil permeability is the quality of the soil that enables water or air to 
move through it. Accepted, as a measure of this quality is the rate at which a 
 
 
 
saturated soil transmits water. That rate is the "saturated hydraulic 
conductivity" of soil physics. In line with conventional usage in the 
engineering profession and traditional usage in published soil surveys, this rate 
of flow, principally downward, continues to be expressed as “permeability” 
(Table2.3)(16) 
 
 
 
Table 2.1 Engineering use chart for compacted soil After Technical Service Center, Denver, Colorado. (1998), 
Relative Desirability for Various Uses (No.1 is considered the best) Engineering Properties of Compacted Soil 1 Rolled earth dams Canal sections Foundations and fills 
Soil group name Group symbol 
Perme- 
Ability 2 
Shear strength 
(Saturated) 
Compressibility 
(saturated) 
Workability as 
A construction 
material 
Homo- 
genous 
Embank- 
ment 
 
 
 
Core 
 
 
 
shell 
Erosion- 
Resistant
Blanket or 
belt 
Compacted 
earth lining
Imp-
vious
Perv-
ious 
Resistance
to frost 
heave 
Well-graded 
gravel GW pervious excellent Negligible excellent - - 1 1 - - 1 1 
Poorly graded 
Gravel GP pervious Good Negligible Good - - 2 2 - - 3 2 
Silty gravel GM Semipervious to pervious Good Negligible Good 2 4 - 4 4 1 4 6 
Clayey gravel GC impervious Good to fair Very low Good 1 1 - 3 1 2 6 5 
Well-graded 
Sands SW pervious excellent Negligible excellent - - 
3 if 
gravelly 6 - - 2 3 
Poorly graded 
Sands SP pervious Good Very low Fair - - 
4 if 
gravelly
7if 
gravelly - - 5 4 
Silty sands SM Semipervious to pervious Good Low Fair 4 5 - 
8if 
gravelly 
5erosion 
critical 3 7 12 
Clayey sands SC impervious Good to fair Low to medium Good 3 2 - 5 2 4 8 7 
Silt ML Semipervious to pervious Fair Medium Fair 6 6 - - 
6erosion 
critical 6 9 11 
Lean clay CL impervious Fair Medium Good to fair 5 3 - 9 3 5 10 9 
Organic silt and 
organic clay OL 
Semipervious 
to pervious Poor Medium to high Fair 8 8 - - - 7 11 - 
Elastic silt MH Semipervious to pervious Fair to poor high Poor 9 9 - - - 8 12 10 
Fat clay CH impervious Poor high Poor 7 7 - 10 - 9 13 8 
Organic silt and 
organic clay---- OH impervious Poor high Poor 10 10 - - - 10 14 - 
Peat and other 
Highly organic 
Soils 
PT - - - - - -  - - - - - 
1 compacted to at least 95 percent of laboratory maximum dry density or to at least 70 percent relative density. 
2 Impervious: < 1 ft/yr(1E-6cm/s) 
Semipervious: 1 to 100 ft/yr (1.0E-4cm/s) 
Pervious:>100ft/yr (1.0E-4cm/s)
 
 
 
 
                 Table 2.2 Permeability for Sediments after Portage 
                  County Groundwater Council, (December 01, 2004) 
Material Permeability or Hydraulic Conductivity (cm/s) 
well-sorted gravel 10-2 to 1 
well-sorted sands, glacial 
outwash 10
-3 to 10-1 
silty sands, fine sands 10-5 to 10-3 
silt, sandy silts, clayey 
sands, till 10
-6 to 10-4 
clay 10-9 to 10-6 
       
 
                    Table 2.3 Permeability  Expressed in Inches per Hour 
                    after James D. Turenne(2004) 
Permeability class K (in/hr) 
Very slow <0.06 
Slow 0.06- 0.20 
moderately slow 0.2 - 0.60 
moderate 0.6 - 2.0 
moderately rapid 2.0 - 6.0 
rapid 6.0 - 20 
Very rapid >20 
 
 
 
 
 
 
 
 
 
 
2.5 Methods for Determining Permeability 
2.5.1 Indirect Methods for Determining Permeability 
2.5.1.1 Visual classification 
The simplest approximate method for estimating the permeability of sand is by 
visual examination and classification, and comparison with sands of known 
permeability. An approximation of the permeability of clean sands can be 
obtained from Table (2.4). (22) 
Table (2.4). Permeability of clean sands 
Coefficient of Permeability k Type of Sand (Unified 
Soil Classification 
System) ×10
-4cm/sec ×10-4ft/min 
Sandy silt 5-20 10-40 
Silty sand 20-50 40-100 
Very fine sand 50-200 100-400 
Fine sand 200-500 400-1000 
Fine to medium sand 500-1000 1000-2000 
Medium sand 1000-1500 2000-3000 
Medium to coarse sand 1500-2000 3000-4000 
Coarse sand and gravel   2000-5000 4000-10000 
2.5.1.2 Hazen's Equation 
For uniform loose clean sands, classified SP in the Unified Soil Classification 
System, the permeability may be estimated from the previously given Hazen's 
equation (Taylor 1948)(33),(39) 
                          
                                  210100Dk =                (2.8) 
Where: 
K: coefficient of permeability in cm/sec 
D10 : particle size in cm at which 10 percent of the material is finer by weight 
(also known as Hazen’s effective size) 
 
 
 
 
 
2.5.1.3 Correlation of In Situ Horizontal Permeability and 
Hazen's Effective Grain Size 
For natural fine to medium, relatively uniform sands, classified SP or SW in 
the Unified Soil Classification System, in the middle and lower Mississippi 
River Valley, the in situ horizontal permeability may be estimated from the 
Hazen's effective size as shown in Figure (2.5). The relationship given in 
Figure (2.5) should not be used outside the geographic area for which it was 
developed. 
2.5.1.4 Kozeny-Carman Equation. 
For uniform loose to dense clean sands classified SP in the Unified Soil 
Classification System, the permeability may be estimated using the Kozeny-
Carman equation (Loudon 1952) (21) and Perloff and Baron 1976(28)) 
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 where 
k = coefficient of permeability 
wγ = unit weight of fluid  
e = void ratio 
Cs = shape factor corresponding to a particular flow channel 
To = tortuosity factor related to the degree of sinuous flow 
Ss = specific surface (surface area of solids/volume of solids) 
µ = coefficient of viscosity of fluid 
For sands and silt-sized (finer than 0.074 mm and coarser than 0.005 mm) 
particles CsTo2 = 5 is a good approximation (Perloff and Baron 1976) (28). 
 
 
 
 
 
2.5.1.5 Computation of Permeability from Consolidation Test  
The coefficient of permeability of normally consolidated clays and silts can be 
computed from the consolidation test using the relationship (Lambe 1951(19) 
and Olson and Daniel 1979(27)) 
                        
oe
aCk wvv+= 1
γ
                     (2.10) 
where 
Cv = coefficient of consolidation 
av = coefficient of compressibility 
eo = initial void ratio 
2.5.2 Laboratory Methods for Determining Permeability 
2.5.2.1 General The apparatus used for permeability testing may vary 
depending upon whether the sample is fine grained or coarse-grained, 
undisturbed, remolded, or compacted, and saturated or unsaturated. The 
permeability of remolded coarse-grained soils is determined in permeameter 
cylinders, while the permeability of undisturbed coarse grained soils in a 
vertical direction can be determined using the sampling tube as a 
permeameter. Samples which have become segregated or contaminated with 
drilling mud during sampling operations will not give reliable results. The 
permeability of remolded coarse-grained soils is generally used to 
approximate the permeability of undisturbed coarse-grained soils in a 
horizontal direction. Usually the laboratory permeability of remolded coarse 
grained soils is considerably less than the horizontal permeability of the 
coarse-grained soil in the field, so the approximation may not be conservative. 
Pressure cylinders and consolidometers are used for fine-grained soils in the 
remolded or undisturbed state.  
Fine-grained soils can be tested with the specimen oriented to obtain the 
permeability in either the vertical or horizontal direction. 
 
 
 
Permeability tests on soil sample are usually made with a constant-head 
permeameter or a falling-head permeameter. 
 
 
 
 Figure 2.5. Relationship between in situ horizontal Permeability and effective 
size. After U.S.Army Engineer Waterways Experiment Station (1956). 
 
 
 
 
 
2.5.2.2 Constant head test 
The constant-head permeameter (Plate 2.1) used for testing the permeability of 
granular soil (sand & gravels). 
The specimen is formed in a permeability cell and water is passed through it 
from a constant level tank. Take-off points located along the sides of the 
permeability cell are connected to three manometer tubes mounted on a panel 
complete with a meter scale. Water passing through the specimen is collected 
and measured, either for a specific quantity or over a period of time. The 
reduction of head is noted from the variation of water level in the manometer 
tubes. 
2.5.2.3 Falling head test 
Clays and silts are tested using the ‘falling head’ technique (Plate2.2). Flow of 
water through the specimen is observed by monitoring the rate of fall of water 
in the tube. It is essential that soils of very low permeability are sealed inside 
the cylinder to prevent seepage along the sides of the specimen. Before 
testing, the specimen must be completely saturated with water as the presence 
of air will restrict the flow of water. 
 
 
                                    
 
 
 
 
 
 
 
 
          
 
 
 
 
 
 
 
 
 
 
 
                                                                                   
 
 
 
 
 
 
 
 
 
 
 
 
Plate 2.1 Constant-Head Permeameter 
 
             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      
        Compaction Permeameter  
 
 
 
 
 
 
 
 
 
 
 
 
Plate2.2 Falling Head Permeameter 
 
 
 
 
 
 
 
 
 
 
 
2.5.2.4 Possible Source of Errors in Laboratory Permeability 
Test. 
 There are several possible errors in determining permeability in the laboratory 
(FM 1110-2-1906; Olson and Daniel 1979(27); and Mitchell, Guzikowski, and 
Villet 1978(23)) 
• Use of samples that are not representative of actual field conditions. 
This can be minimized by thorough field investigation, attention to details 
(take undisturbed samples from test fills for determination of permeability of 
embankment materials, sampling along faults, fissures, clay seams, and sand 
partings for determination of permeability of the dam foundation), and by the 
use of large samples. 
• Orientation of the in situ stratum to the direction of seepage flow is 
seldom duplicated in the laboratory. This can be overcome by obtaining the 
permeability of the soil (embankment material and/or foundation) in both the 
vertical and horizontal direction. 
• Incorrect hydraulic gradient used in the laboratory test. The hydraulic 
gradient used in the laboratory should cover the range of expected hydraulic 
gradient in situ. Where possible the hydraulic gradient should be selected so 
that the flow is laminar (straight line relationship between discharge versus 
hydraulic gradient) and Darcy's law will be applicable. It is usually not 
practical to achieve laminar flow for coarser soils, and the laboratory test 
should be run at the hydraulic gradient anticipated in the field. 
• Air dissolved in the water. As water enters the specimen, small 
quantities of air dissolved in the water will tend to collect as fine bubbles at 
the soil-water interface and reduce the permeability with increasing time. 
Permeability tests on saturated specimens should show no significant decrease 
in permeability with time if properly deaired distilled water is used. However, 
if such a decrease in permeability occurs, then a prefilter, consisting of a layer 
 
 
 
of the same material as the test specimen, should be used between the deaired 
distilled water reservoir and the test specimen to remove the air remaining in 
solution. 
• Leakage along the sides of the permeameter can result in an increased 
permeability. One major advantage of the triaxial compression chamber for 
permeability tests is that the specimen is confined by a flexible membrane 
which is pressed tightly against the specimen by the chamber pressure thus 
reducing the possibility for leakage along the sides. 
2.5.3 Field Methods for Determining Permeability 
Field permeability tests are usually made with a falling-head test, Rising water 
level method, Constant water level method, Lugeon test, or pumping test. 
2.5.3.1 Falling head method  
In this test, the casing is filled with water which is then allowed to seep into 
the soil. The rate of drop of the water level in the casing is observed by 
measuring the depth of the water surface below the top of casing at 1,2, and 5 
minutes after the start of the test and at 5-minute intervals thereafter. These 
observations are made until the rate of drop becomes negligible or until 
sufficient readings have been obtained to satisfactorily determine the 
permeability. Formulas for the determination of the permeability by this 
method is 
                                      )ln().(11
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Where 
D=Diameter of Casing (cm) 
H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively. 
2.5.3.2 Rising water level method 
This method consists of bailing the water out of the casing and observing the 
rate of rise of the water level in the casing at intervals until the rise in water 
 
 
 
level becomes negligible. The rate is observed by measuring the elapsed time 
and the depth of the water surface below the top of the casing. In no case 
should the total elapsed time for the readings be less than 5 minutes. Formulas 
for the determination of the permeability by this method is  
                              
T
k D
.11
.π=               (2.12) 
Where 
T = Basic Time Lag (cm) 
2.5.3.3 Constant water level method 
In this method water is added to the casing at a rate sufficient to maintain a 
constant water level at or near the top of the casing for a period of not less 
than 10 minutes. The water may be added by pouring from calibrated 
containers or by pumping through a water meter. The data recorded should 
consist of the amount of water added to the casing at 1,2,and 5 minutes after 
the start of the test and at 5-minute intervals     thereafter until an adequate 
determination of the permeability has been made .  Formulas for the 
determination of the permeability by this method is 
                       
)(75.2 HcD
qk ×=                   (2.13) 
Where 
Hc= Constant Piez. Head (cm) 
q= Flow of Water .cm3/sec  
2.5.3.4 Lugeon Water Pressure Test 
To measure the perviousness of rock, the lugeon method of water 
pressure test in a borehole is used. This test does not give permeability 
coefficient values k. The test does, however, afford a quantitative comparison 
when evaluating the permeability of rock in situ. Water pressure tests with 
single, double and multiple packers based on the lugeon method are preferred 
 
 
 
in testing rock permeability in situ. The lugeon test is usually performed for 
establishing criteria for grouting of rock. 
In 1933, Professor Maurice Lugeon(22), put forward rules for grouting of 
concrete dam- supporting rocks with a cement grout.The criterion is based on 
the so- called lugeon unit. The Lugeon unit is obtained from water injection 
and absorption test in situ. The Lugeon unit corresponds to 1 liter of water per 
minute absorbed by the rock from a one meter test length of borehole under 
pressure of 10 2/ cmkg f  of 10 min. duration. According to Lugeon, a rock 
absorbing less than one Lugeon unit of water is considered to be reasonably 
water tight, and no grouting is needed. 
One Lugeon unit is approximately equivalent to a coefficient of 
permeability k to water of k = 10-5 cm/s. 
The correlation between one Lugeon unit for a 5m test length of the borehole 
is: 
1 Lugeon unit correspond to q = 5 liters/ min and e = 0.1 mm 
10 Lugeon units correspond to q = 50 liters/ min and e = 0.2 mm 
100 Lugeon units correspond to q = 500 liters/ min and e = 0.5 mm. 
Here q = discharge, and  
         e = width of fissure. 
 
 
 
 
 
 
 
 
 
 
 
 
2.5.3.5 Field pumping Test 
 
Fig.2.6 Sketch of a soil aquifer profile 
Figure (2.6) is the sketch of a soil aquifer profile. To perform this test, a 
pumping well and two observation wells need to be dug at the site. Thus, by 
measuring the pumping rate q, and knowing the water Table depth in two 
observation wells, we can establish a value of k for field conditions. The 
equation in these conditions is 
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This measurement also requires the pumping rate to be a value that keeps the 
water level the same over time in the pumping well. 
 
 
 
 
2.6 Factors Influencing Permeability  
2.6.1 Particle Size 
The coefficient of permeability of soil is proportional to the square of 
the particle size (D) as it is evident from flowing equation.(3) 
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Where 
c = Correction Factor 
γw = The Density of Water 
µ = Coefficient of Viscosity  
e = Void Ratio 
D =  Particle Size 
The permeability of course- grained soil is very large as compared to that of 
fine – grained soils.  
For cohesive soils, the permeability increase with increase in clay 
mineral size and increase in void ratio. 
Allan Hazen conducted tests on filters sands for use in waterworks and found 
that for uniform loose clean sands the permeability was given by (Taylor 
1948).(33) 
                                                       
2
10100Dk =            (2.16 ) 
Hazen’s experiments were made on sand for which 0.1mm< D10< 0.3 mm and 
the uniformity coefficient, Cu<5. 
 
Where: 
                             Cu = D60/D10                                            (2.17) 
 
 
 
 
 
Where: 
Cu = Uniformity Coefficient  
D60: Particle size at which 60 percent of the material is finer by weight. 
The influence of fines on permeability of manufactured washed filter 
aggregates grading from 1 in. to finer than the 100 mesh sieve is illustrated in 
Table (2.5). With no material finer than 100 mesh, the permeabilities ranged 
from 80 to 300 ft/day, but with 7% passing a No. 100 sieve, the permeability 
was 3ft/day or less.(14) 
 
        Table 2.5 Influence of percentage of minus 100 
        fraction on permeability of washed filter aggregates.  
       After Harry R. cedergren. 
Percentage passing Number 
100 Sieve 
Permeability,ft/day 
0 80 to300 
2 10 to 100 
4 2 to 50 
6 0.5 to 20 
7 0.2 to 3 
         
 
 
 
 
 
 
 
 
 
 
2.6.2 Structure of soil mass: 
The coefficient “c” in equation (2.15) takes into account the shape of 
the flow passage. The size of flow passage depends upon the structural 
arrangement. (3) 
Natural soil deposits are generally stratified in structural water- deposited soils 
are laid down in horizontal layers and are often more permeable in the 
horizontal than vertical direction. Windblown sands and silts are generally 
more permeable vertically than horizontally due to the present of continuous 
vertical root holes.(37) 
Permeability depends upon shrinkage cracks, joints, fissures and shear zones. 
The permeability of a natural soil deposit should be determined in undisturbed 
condition. The disturbance caused during sampling may destroy the original 
structure and affect the permeability. The effect of disturbance is more 
pronounce in case of fine-grained soil than in case of coarse- grained soils.(3) 
Londe (1972) (20) points out that the permeability of jointed rocks 
depends on the widths of the fissures, and that slight changes in the widths of 
fissures greatly alter permeability. He says that “even a slight change in 
applied stresses might significantly alter the local permeability of the rock.” 
His comprehensive study of the possible causes of failure of Malpasset Dam 
in France led to the conclusion that the gneiss in the left abutment of this thin 
arch dam became extremely impermeable in the zone compressed by the arch, 
which allowed full reservoir pressures to build up in the rock, causing in to 
blow out and allow the dam to fail. As may be seen in Table (2.6) the 
permeability of the Malpasset gneiss is extremely sensitive to pressure (as 
determined by laboratory tests), whereas other rocks tests were much less 
affected by changes in pressure. At a positive pressure of 10 tons/sq ft (10 
kg/cm2) the permeability is only 0.2% or 1/500th of that at a slight negative 
pressure. 
 
 
 
  Neely (1974)(25) has shown that the resulting values of permeability obtained 
from in situ tests were much larger than those obtained in laboratory tests on 
small samples because the laboratory specimens did not contain a 
representative proportion of  joints and fissures in the rocky materials tested. 
Likewise, large- scale well- pumping tests are usually more dependable than 
large numbers of tests on undisturbed samples taken from drill holes and test 
pits.  
 
    Table 2.6 Effect of Pressure on Fissures on the Permeability of 
    Rocks. (After Londe, 1972) 
Permeability Kind of rock Pressure(kg/cm2 
or ton/sq ft cm/sec Ft/day 
Oolithic -1.0 5×10-7 1.4×10-3 
Limestone 10 
50 
5×10-7 
5×10-7 
1.4×10-3 
1.4×10-3 
Granite 
(compact) 
-1.0 
10 
50 
2×10-9 
1×10-9 
0.8×10-9 
6×10-6 
3×10-6 
2.4×10-6 
Malpasset -1.0 1×10-6 3×10-3 
Gneiss 10 
50 
2×10-9 
0.4×10-9 
6×10-6 
1×10-6 
      
 
 
 
 
 
 
 
 
2.6.3 Particle shape and surface roughness 
The permeability depends upon the shape and surface of particles. As shown 
in Table (2.7), the measured permeability is several orders of magnitude lower 
for angular sand particles with rough surfaces than for rounded sand particles 
with smooth surfaces (Burmister 1948)(5). For uniform cohesionless soils, 
crushing of particles during compaction with resulting decrease in 
permeability occurs to a higher degree in soils with angular shapes and rough 
surfaces than in soils with rounded shapes and smooth surfaces. Crushing of 
particles during compaction leads to an increase in the amount of silt-sized 
particles which results in lower permeability. Also, Table (2.7) compares the 
measured permeability with the permeability computed from equation (2.16) 
developed by Hazen for uniform loose clean sands. The agreement between 
measured and computed permeability is within one order of magnitude for 
uniform sands and glass spheres. Therefore, Hazen's equation should be used 
only for uniform sands (sphericity and roundness > 0.90). The sphericity and 
roundness may be estimated for sands using Figure (2.7) (Krumbein and Sloss 
1951) (18). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                
Fig. 2.7 Standard chart for visual estimation of sphericity And roundness of 
cohesionless soils. After Krumbein and Sloss1951 
 
 
 
 
 
Table 2.7 Influence of Particle Shape and Surface Roughness on Permeability of sand.  After Burmister 1948. 
 
Coefficient of Permeability (cm/sec) 
Type of material 
Surface 
Roughness 
Sphericity Roundness Cu Cc Void 
Ratio 
Relative 
Density 
Percent 
Measured Computed-Hazen* 
Crushed Sudeten granite Very rough 0.68 0.1 3.09 1.54 0.543 79 5.0E-5 1.21E-2 
Nysd Klodzkd River sand Very rough 0.75 0.15 5.47 2.2 0.451 79 5.19E-6 5.63E-3 
Odra River sand Rough to smooth 0.84 0.55 2.58 0.87 0.595 58 9.14E-4 1.44E-2 
Odra River sand Rough to smooth 0.87 0.65 2.42 0.83 0.608 63 5.44E-3 1.44E-2 
Baltic Beach sand Smooth 0.87 0.85 1.91 0.89 0.720 38 1.83E-3 1.32E-2 
Glass spheres Very smooth 1.00 1.0 1.38 0.92 0.691 67 6.45E-3 6.40E-3 
    
      Cu = D60/D10   
  
      Cc =D230 /(D10*D60) 
 
     * k = 100 D10 
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2.6.4 Void Ratio 
Equation (2.15) (3) indicates that the coefficient of permeability 
varies as  
e3/(1+e). For a given soil the greater the void ratio, the higher is the value 
of the coefficient of permeability.  
Based on other concept, it has been established that the permeability of a 
soil varies as e2 or e2/ (1+e) fig 2.8  
 
 
 
 
 
 
 
 
 
  
 
 
Fig. 2.8 Variation of k with e2, e2/ 1+e and e3 /1+e 
     
The permeability increases as the void ratio increases (37). 
 
                       e = vv /vs                                            (2.18) 
Where: 
e: Void Ratio  
vv: Volume of Void 
vs: Volume of Solids 
 
 
  e3       vs. k 
1+e 
  e2       vs. k 
1+e 
  e2 .vs. k 
  e2 ,    e2     ,   e3         
        1+e    1+e 
k
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Table 2.8 Coefficients of Permeability for Different Exchange Cations  
and Void Ratios for Two Clay Minerals 
Clay 
Mineral 
Exchangeable 
Cation 
Void 
Ratio 
Coefficient of 
Permeability 
cm/sec 
15 8E-8 Na 3 1.5E-8 
11 5E-8 K 7 8E-9 
8 1.0E-5 Ca 4 1.0E-7 
9 2E-6 
Montmorillonite 
H 3 1.0E-7 
Na 1.6-0.5 1.5E-6 TO 8E-7 
K 1.6-1.1 3E-6 TO 9E-7 
Ca 1.6-1.3 1.0E-5 TO 1.5E-6 Kaolinite 
H 1.4-1.0 1.0E-5TO 1.5E-6 
  
Table 2.8 show  permeabilities obtained by falling-head test on samples 
in consolidation apparatus. Results indicate the following: 
For montmorillonite at void ratio 8 the order of permeability in terms of 
the exchangeable cation present is 
              K < Na < H < Ca 
for kaolinite at void ratio 1.5 the order is 
               Na < K < Ca < H 
For compacted soils it is also observed that the permeability is much 
lower (×10-1 to 10-2) in soils compacted slightly wet of optimum than in 
soils compacted dry of optimum; it is thought that this occurs because of 
the parallel arrangement of clay platelets in the wetter material after 
compaction. 
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2.6.5  Properties of water 
 The properties of the seepage fluid which influence the 
permeability of soils and rock are the temperature, density, viscosity and 
chemical composition (37).  
As indicated in eq. (2.15) the coefficient of permeability is directly 
proportional to the unit weight of water ( γw) and is inversely proportional 
to its viscosity (µ). The coefficient of permeability increases with an 
increase in temperature due to reduction in the viscosity (3). 
As shown in Table (2.9), for the range of temperatures ordinarily 
encountered in seepage analysis of dams (0oc to 40oc ) the density of 
water is nearly constant (varies  less than 1 percent) (37). 
Available data indicate that cohesive soils may be two to three 
orders of magnitude more permeable to seepage water containing 
moderate amount of dissolved salts (less than 300 parts per million by 
weight) than the distilled water (Carry, Walter, and Harstad 1943)(8). 
 
Table 2.9 Properties of Water after U.S. Army Crops of Engineers (EM 
1110-2-1901). April 1993     
Temperature 
 
      C                    F 
Density 
Kg/m3 
Viscosity 
Kg/m sec 
0 32 999.8 1.787 ×10-3 
5 41 999.9 1.519 
10 50 999.7 1.307 
15 59 999.1 1.139 
20 68 998.2 1.002 
25 77 997.0 0.890 
30 86 995.6 0.798 
35 95 994.0 0.719 
40 104 992.2 0.653 
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2.6.6 Degree of Saturation 
If the soil is not fully saturated, it contains air pockets formed due 
to entrapped air or due to air liberated from percolating water. Whatever 
may be the cause of the presence of air in soil, the permeability is reduced 
due to presence of air which causes blockage of passage . Consequently, 
the permeability of a partially saturated soil is considerably smaller than 
that of a fully saturated soil (3). 
The degree of saturation of soil is given as (37): 
                     S = Vw/Vv * 100 percent                                        (2.19) 
Where: 
S: Degree of Saturation  
Vw: Volume of Water  
A decrease in the degree of saturation causes a decrease in the 
permeability as shown in Fig (2.9) (Lamba 1951) (19).  
The ratio of the permeability of unsaturated sand to the saturated sand at 
the same void ratio is given as (Scott 1963) (31). 
         Kus/K = 1- m (1- S/100)   100 ≥ S≥ 80                          (2.20) 
Where: 
Kus: Unsaturated Permeability  
m: Constant with value between 2(uniform grain size) and  4 (well-graded 
materials) 
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Fig. 2.9 Permeability versus degree of saturation for various sands. After 
Lamba 1951. 
2.6.7 Influence of Density: 
Often in the construction of reservoirs the soil at the bottom of the 
reservoir is compacted in place to improve watertightness. 
In the construction of dams and levees through compacted of fill 
materials is required to obtain strong embankments and to ensure  the best 
possible watertightness of impervious zones. (14) 
           When blends of sand and gravel are thoroughly compacted with 
ample water, their permeabities can be drastically reduced. Cary et al 
(1943)(8) report extremely wide variations in the permeabilities of glacial 
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till- gravel mixtures for the core of mud mountain dam with small 
variation in placement water content. A mixture of 20% till and 80% 
gravel had permeabilities 5*10-4 cm/sec at a water content of  14% but 
only 5*10-7 cm/sec at 16%, a change of 1000 times with  variation in 
water content of only 2%. 
 Strohm et al.  (1967)(32) discovered that when well- graded mixtures of 
sand and gravel contained as little as 5% of fines (sizes smaller than a No. 
200 sieve) high compactive efforts reduced the effective porosities nearly 
to zero and the permeabilities to less than 0.01% of those at moderate 
densities. 
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2.7 Control of Permeability 
The determination of coefficient of permeability is important in water 
retention and water conveyance structures because water lost through the 
soil is an economic loss charged to the structure. Continuous movement 
of water through the soil of a structure may result in removal of soluble 
solids or may result in internal erosion called piping. Piping must 
particularly be guarded against because it occurs gradually and is often 
not apparent until the structure’s failure is imminent. In nonhydraulic 
structures, permeability is important only when work below water Table 
is required or when changes in water Table occur in the area influenced 
by constructing the structure. Seepage control is accomplished in a 
variety of ways that may be divided into three classes: (1) reducing the 
coefficient of permeability, (2) reducing the hydraulic gradient, and (3) 
controlling the effluent. (12) 
In embankments, permeability is reduced by selection of material through 
compaction control and on rare occasions by use of additives. Through 
foundations, seepage is reduced by several types of cutoffs formed by 
injection of a material into the foundation by grouting methods and 
densification by dynamic compaction, vibration, and loading often 
accompanied by changing the moisture content of the materials to hasten 
or enhance densification.(12) 
Grouting is a special technique developed in recent years, which has 
found many applications. Grouting is a procedure by which grout is 
injected into voids, fissures, and cavities in soil or rock formation in order 
to improve their properties, specifically to reduce permeability, to 
increase strength and durability or to lessen deformability of the 
formations. Grouting has a wide application in modern civil engineering 
world (Nonveiller, 1989) (26). More specifically, it is applied to reduce 
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permeability of a ground mass formation in order to control seepage and 
loss of stored water.  
In the last decades powdered emulsions and water-soluble polymers 
(latex) are widely used as additives in cement grouts due to their potential 
influence on rheological properties (Allan, 1997) (2), strength (Bureau et 
al, 2001) (4), durability (internal strength), impermeability (Gao et al, 
2002) (10) and resistance to chemical erosion. 
The experimental investigation reported by Costas A. Anagnostopoulos 
& Evangelos I. Stavridakis, 2004 aims towards the development of a 
more effective latex modified grouting material for ground improvement. 
A series of laboratory tests were conducted to investigate the rheological 
properties of acrylic resin (A.R.) – superplasticized cement grouts with 
different content of A.R. and the influence of grouting of these modified 
grouts on the physical (water permeability, porosity) and engineering 
characteristics (compressive strength, elastic modulus, durability) of sand 
specimens in relation to the distance from the grouting point. 
(Costas A. Anagnostopoulos & Evangelos I. Stavridakis, 2004) (10) led to 
the conclusion that:  
1. Addition of A.R. to cementitious grouts, combined with 
superplasticizer, modifies their rheological properties resulting in the 
enhancement of their penetrability and the grout propagation into the soil 
mass.  
 2. Small dosage of A.R. (5% w. /c.w.)(Weight by cement weight) 
increases compressive strength and modulus of elasticity and decreases 
porosity, permeability and slaking of all the parts of grouted soil 
satisfactorily 
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2.7.1 Methods of reducing the coefficient of permeability 
There are several methods of reducing the coefficient of permeability 
(Ada Serafinchon. (1, April, 1996) (1). 
 2.7.1.1Gleization 
An old method used successfully in Russia for years is to line the dugout 
with organic material, such as straw and to cover it with soil. Micro-
organisms growing in the submerged straw gradually develop a blue-grey 
layer which is impermeable to water. This method is particularly effective 
in dugouts which leak due to fractured till formations.  
 Modify the dugout side slopes to 3:1. Spread 150 mm of straw on the 
surface. Compact the straw with a roller or tractor.  Now, spread 150 mm 
of clay on the straw and compact it. Protect the inlet area with riprap, 
allow the dugout to fill with water. 
The success of the gleization method requires time. The process of 
gleization occurs gradually, taking several months to a year. Water losses 
in the first few months will be high but should gradually decrease after a 
year or so. 
2.7.1.2 Clay Lining 
The choice of clay lining is governed by the cost of hauling the borrowed 
clay earth. The success of the lining depends on the clay content of the 
borrowed earth. The borrowed earth is suitable if a closed ring can be 
formed from the rolled clay rod without breakage. 
Modify the dugout slide slopes to 2:1 or flatter. The earth work is 
completed by removing large stones, sticks and irregularities. Moisten the 
soil surface by spraying water on it and evenly spread 300 mm of moist 
clay on the surface. Smooth the surface with a harrow and compact the 
clay with a roller or heavy tractor. Protect the inlet area with riprap. Fill 
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the dugout with water. Approximately 90-110 m3 of clay is required to 
line a typical 3.2 million litre (700,000 gal) dugout.  
2.7.1.3 Polyethylene Liner 
Dugouts which are to be lined with polyethylene membranes require side 
slopes of 3:1 or flatter, on all four sides. This will minimize creeping and 
sliding of back-fill on the membrane. The polyethylene membrane should 
have a minimum thickness of 0.162 mm. Individual membranes should be 
joined together by overlapping and connecting with two-sided tape. This 
should form a continuous watertight lining. Made to measure 
polyethylene membranes are also available but may require time for 
fabrication. 
Finish the earthwork by removing large stones, sticks and irregularities. 
Compact the soil and dig a key trench on the top perimeter of the dugout. 
(See Figure 2.10). Place the top edges of the membrane in the key trench 
and key it around the top and backfill the trench. Provide sufficient slack 
in the membrane to allow placement of the covering material without 
stretching or puncturing after the membrane is installed, cover with a 
150-300 mm layer of soil, free from stones and lumps. Equipment should 
always be driven on predeposited earth, not directly on the membrane. It 
is only necessary to cover the membrane on the top three quarters of the 
dugout. The bottom and the remaining slopes need not be covered. 
 2.7.1.4 Butyl Rubber Liner 
Butyl rubber membranes can be used as an alternative to polyethylene 
membrane. They are reliable, relatively long lasting and will not 
deteriorate if exposed directly to sunlight.  
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    Fig. 2.10 Details of plastic lining. 
2.7.1.5 Chemical Solutions 
2.7.1.5.1 Sodium carbonate 
Chemical dispersing agents, such as sodium carbonate, reduce soil 
permeability by reorienting clay particles in the soil to form a more 
compact, less porous soil mass. Sodium carbonate is more effective in 
soils that have a high percentage of calcium that can be exchanged for 
sodium. The success of this method is dependant on a careful estimation 
of the percentage of exchangeable calcium.  
Finish the earthwork by removing vegetation or plough it under and till 
the soil surface. Apply the sodium carbonate with a fertilizer spreader and 
incorporate it by tilling the soil. Compact the soil with a roller or tractor 
and then fill the dugout with water. Sealing should occur in a few days.  
 
 
 
 
 
 
 
 49
2.7.1.5.2 Bentonite 
Bentonite or drillers mud is highly plastic clay prepared from volcanic 
ash. When wet, bentonite swells and disperses, filling spaces between the 
soil particles and decreasing soil permeability. It is best added dry and 
worked into the soil surface before filling the dugout, it can also be added 
to the water after filling. The second method usually has less chance of 
success. 
In the dry method we remove all vegetation and smooth the soil surface. 
Remove large rocks, fill large holes and cover gravel pockets with 150 
mm of clay or clay loam soil. Grade the soil surface and broadcast the 
bentonite at a rate of 5-10 kg/m2. Mix the bentonite into the soil by tilling 
to a depth of 75-100 mm. Compact the soil with a roller or tractor. The 
dugout can now be filled with water. Sealing should occur in a few days.  
In the wet method we determine the total amount of bentonite required to 
cover the dugout sides and bottom. The calculation is based on an 
application rate of 10-20 kg/m2. Broadcast the bentonite on the water 
surface in the dugout and mix thoroughly. The mixing can be done using 
a pump, air compressor or a motor boat. Keep the bentonite in suspension 
for several days by agitating the water. This method is not as effective as 
the dry method. 
 2.7.1.5.3 Soil cement 
Soil cement is used primarily in sandy soils. Remove all vegetation and 
till the soil to a depth of 75-150 mm. Allow the top 300 mm  of the soil to 
dry. Do not apply cement to the wet soil. Broadcast cement on the soil 
surface at the rate of 20-30 kg/m2 and mix thoroughly by tilling. Spray on 
water to raise the moisture content of the mixture to 12-15%. Smooth the 
surface with a harrow and compact the soil with a roller or tractor. Allow 
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the soil cement to cure for 2-4 weeks, keeping the surface moist for the 
first week.   
2.7.2 Reducing the hydraulic gradient 
Hydraulic gradient reduction is accomplished either by reducing the head 
or increasing the length of the seepage path. Usually, some type of low 
permeability reservoir blanket is constructed to increase the seepage path. 
(12) 
2.7.3 Controlling the effluent 
Control of effluent requires a design that reduces seepage pressures 
sufficiently at all points so rupture of impervious zones or foundation 
layers is prevented and that provides filters to prevent piping. This is 
accomplished by zoning in earth dams and canal banks, using filters and 
drains, and installing drains and pressure relief wells. A number of 
combination control methods are in common use including wide 
embankment sections, impervious diaphragms, and linings. The control 
method selected depends primarily on cost of treatment compared to 
benefit received both in preventing water loss and in assurance against 
piping failure. (12) 
 
 
 
 
 
 
 
 
 
 
 51
 
 
 
 
 
 
 
 
CHAPTER 3 
METHOD OF TESTING & RESULTS 
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3.1 Introduction 
Geotechnical investigations are made to determine those geologic, 
seismologic, and soils conditions that affect the safety, cost effectiveness, 
design, and execution of a proposed engineering project. Because 
insufficient geotechnical investigations, faulty interpretation of results, or 
failure to portray results in a clearly understandable manner may 
contribute to costly construction changes, post construction remedial 
work, and even failure of a structure, geotechnical investigations and 
subsequent reports are an essential part of all civil engineering and design 
projects. 
From project conception through construction and throughout the 
operation and maintenance phase, geotechnical investigations are 
designed to provide the level of information appropriate to the particular 
project development stage. In most instances, initial geotechnical 
investigations will be general and will cover broad geographic areas. As 
project development continues, geotechnical investigations become more 
detailed and cover smaller, more specific areas. For large, complex 
projects, the geotechnical investigation can involve highly detailed 
geologic mapping such as a rock surface for a structure foundation. 
For purpose of this study, permeability tests were performed in two parts: 
field and laboratory permeability tests. 
The field permeability tests were performed at two sites, namely Merowe 
Irrigation Project and Khartoum New International Airport (KNIA). 
There were two types of field tests used to estimate the permeability of 
the in situ soil and rock. The falling head permeability tests were carried 
out in highly weathered rock formations. In the hard formations where the 
walls were hard enough to support the lugeon pakers, the lugeon tests 
were carried out.  
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Disturbed soil samples were taken from the depth where the field 
permeability tests were carried out. The soil samples were kept in plastic 
bags and transported to the BRRI laboratories. 
Laboratory testing was performed on those samples brought from KNIA. 
Atterberge limits and grain size distribution were made to classify the soil 
and to correlate some parameter with field permeability. The samples 
used for permeability tests were compacted in a standard compaction test 
to approximately 98 percent of maximum theoretical density.  
3.2 Area of Study 
The field permeability tests were performed at two locations for this 
study, Fig. 3.1. The first one is the  upper terraces of the Nile between the 
Merowe Dam site and the 3rd cataract, with a total length of 
approximately 400 km and a total width of 40 to 50 km. The area is 
located on both banks of the River Nile from approximately Merowe on 
the left bank and Kareima on the right bank downstream to the town of 
Kerma as shown in Fig. (3.2), Table (3.1a) and Table (3.1b). 
The second location is the Khartoum New International Airport (KNIA), 
which is located in Khartoum state near Jabal Awlia as shown in Fig. 
(3.3) and Table (3.2)  
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                                     Fig. (3.1): Map of the Sudan  
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Fig.(3.2):  Location of the  Merowe Project Site 
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Fig. 3.3 Location of the KNIAِ 
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            Table (3.1a) locations of performed tests at right bank 
Coordinates Elevation Casing  
dia.(mm) Y X (m) 
Date of Test BH No. 
76.2 2055829 4E+05 230 01/12/2004 RBS1 
55 2004367 3E+05  - 04/11/2004 RBS2 
55 2006522 3E+05 264 01/11/2004 RBS3 
55 2013672 3E+05 296 30/10/2004 RBS4 
55 2012890 3E+05 254 25/1/2004 RBS5 
55 2018888 3E+05 251 23/10/2004 RBS6 
55 2020380 3E+05 265 25/10/2004 RBS7 
55 2058525 3E+05 -  14/10/2004 RBS8 
55 2087620 3E+05 237 13/10/2004 RBS9 
55 2105967 2E+05 221 11/10/2004 RBS10 
55 2135950 2E+05 229 9/10/2004 RBS11 
55 2147117 2E+05 224 9/10/2004 RBS12 
55 2059799 4E+05 287 6/12/2004 RB3 
55 2058215 4E+05 299 3/12/2004 RB4 
55 2056549 4E+05 292 2/12/2004 RB5 
55 2055481 4E+05 301 30/11/2004 RB6 
55 2049777 4E+05 299 28/11/2004 RB7 
55 2044779 4E+05 285 28/11/2004 RB8 
55 2033918 4E+05 290 27/11/2004 RB9 
55 2038035 4E+05 277 27/11/2004 RB10 
55 2029721 4E+05 277 27/11/2004 RB11 
55 2021726 4E+05 298 6/11/2004 RB12 
55 2011983 2E+05 289 6/11/2004 RB13 
55 334877 3E+05 260 5/11/2004 RB14 
55 2008683 3E+05 275 4/11/2004 RB15 
55 1997416 3E+05 282 3/10/2004 RB16 
55 1999436 3E+05  - 2/11/2004 RB17 
55 2012396 3E+05 271 1/11/2004 RB18 
55 2008300 3E+05 264 31/31/2004 RB19 
55 2008999 3E+05 262 25/10/2004 RB20 
55 2018738 3E+05 287 24/10/2004 RB21 
55 2026690 3E+05 248 21/10/2004 RB22 
55 2031263 3E+05 250 20/10/2004 RB23 
55 2041676 3E+05 238 19/10/2004 RB24 
55 2046617 3E+05 235 18/10/2004 RB25S1 
55 2046626 3E+05 236 21/10/2004 RB25S2 
55 2047803 3E+05 244 18/10/2004 RB26 
55 2054092 3E+05 251 16/10/2004 RB27 
55 2065388 3E+05 241 13/10/2004 RB28 
55 2077050 2E+05 250 13/10/2004 RB29 
55 2095473 2E+05 236 12/10/2004 RB30 
55 2100241 2E+05 233 12/10/2004 RB31 
55 2116848 2E+05 244 11/10/2004 RB32 
55 2126040 2E+05 240 8/10/2004 RB33 
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           Table (3.1b) locations of performed tests at left bank  
Coordinates Elevation Casing  
dia.(mm)Y X (m) 
Date of 
Test  BH No. 
55 2054921 400161294 11/12/2004 LB2 
55 2050135 386743289 11/12/2004 LB5 
55 2045260 383820 - 15/9/2004 LB7 
55 2032353 376950283 12/12/2004 LB9 
55 2027026 377175289 12/12/2004 LB10 
55 2011250 363636-  19/9/2004 LB12 
55 1994954 358278278 20/9/2004 LB13 
55 1985571 351795286 20/09/2004 LB16 
55 1992201 340372280 22/09/2004 LB17 
55 1989271 336306256 22/09/2004 LB18 
55 1984428 327020275 23/09/2004 LB19 
55 1976168 315692275 25/9/2004 LB20 
55 1980820 300658277 24/09/2004 LB21 
55 1984786 285011276 27/09/2004 LB22 
55 1987743 280136251 27/09/2004 LB23 
55 1993010 277859282 28/09/2004 LB24 
55 1997410 263303271 29/09/2004 LB25 
55 2001489 244614271 1/10/2004 LB26 
76.2 2006886 241450263 30/09/2004 LB27 
76.2 2010641 240082242 30/09/2004 LB28 
55 2029065 243742251 2/10/2004 LB29S 
55 2041914 240251257 3/10/2004 LB30 
55 2024461 235321272 2/10/2004 LB31 
55 2039248 234732266 3/10/2004 LB32 
55 2052389 224858267 4/10/2004 LB33S 
76.2 2061089 222815 - 4/10/2004 LB34S 
55 2036763 382049289 11/12/2004 LBS1 
55 2016144 368506 - 16/09/2004 LBS2 
55 1987424 346545283 12/12/2004 LBS3 
55 2017053 234456267 1/10/2004 LBS4 
55 2018323 242358263 2/10/2004 LBS5 
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        Table (3.2) locations of performed tests at KNIA  
Coordinates Elevation Casing  
dia.(mm)Y X (m) 
Date of 
Test  BH No. 
76.2 2020380 262157265 05/06/2005BHS2 
76.2 2147117 248152224 31/05/2005BZ5 
76.2 2056549 381414292 24/05/2005BE2 
76.2 2135950 246233229 31/05/2005BZ4 
76.2 2018888 263218251 06/05/2005BTER5 
76.2 2013672 298039296 04/06/2005BTER1 
76.2 2105967 243850221 31/05/2005BZ1 
76.2 2012890 277032254 04/06/2005BHOT 
76.2 2004367 325850- 02/06/2005BCAR2 
76.2 2006522 303441264 02/06/2005BCAR4 
76.2 2058215 383187299 28/05/2005BC2 
76.2 2058215 383187299 28/05/2005BE1 
76.2 2059799 390409287 28/05/2005BX2 
76.2 2058525 256424- 02/06/2005BGAS1 
76.2 2087620 250596237 31/05/2005BA1 
76.2 2055829 376413280 02/06/2005BADM1 
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3.3 General Site Description 
The Merowe Irrigation Project located at the area between the dam site 
till Dongola and Argo area parallel to the River Nile at both sides, left and 
right bank. There is an asphaltic road on the left bank from Khartoum 
through El Multaga and from Merowe town to Merowe dam site. Also till 
Dongola most of the road is not asphaltic.  On the right bank, there is no 
asphaltic road except the distance between Karima and the dam site. 
The climate of the area is hot and dry during summer and cold and dry 
during winter. Closer to the River Nile banks the area is covered by 
extensive plants and vegetations and far from the River it is characterized 
by scattered desert trees. 
Topographically the area generally varies from tough mountain ridges 
near the dam site to undulated to flat in the other areas, Plate 3.1. Near the 
dam site the area is covered by basement ridges, while the other areas are 
covered by low scattered hills, sand cover, and dunes, Plate 3.2. The 
types of deposits are the sand dunes and ripple marks. The sand dunes 
cover a big area of the right bank such as Argi, Gadar and Hau. The sand 
was transported by wind forming thick cover of aeolian deposits of recent 
age. There are two types of sand dunes: barchans, and longitudinal sand 
dunes. These two types of sand dunes and ripple marks can indicate 
directly the direction of deposition and source of sand. The most 
significant drainage system features are the River Nile, Wadi Howar, 
Wadi El Muggadam, and Wadi El Malik. Seleim area is a flat area  
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 Plate 3.1 Sample of Topography of the Project Area         
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Plate 3.2 Sand Dunes 
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The area contains generally four types of geological formations: 
1) Basement rock gneiss (Proterozoic) and younger granite 
(Paleozoic) 
2) Nubian formation (Cretaceous age). 
3) Tertiary volcanic dolerite dykes and sills (Tertiary Volcanics )  
4) Recent or quaternary sediments, aeolian sand, collvial alluvial and 
lacustrine sediments.  
The basement fomations that cover the dam site area are part of the 
Bayuda basement rocks which are of Proterozoic age. It comprises 
granitic gneiss intruded by younger granite Palaezoic age) and intruded 
by many felsites dyke and pegmatitic veins. The granitic gneiss is formed 
mainly of quartz and potash feldspar as felsic or light minerals, biotite, 
muscovite micas and iron oxide ores as dark minerals. The rock generally 
is foliated. The pegmatite is formed of very big crystals of quartz and 
pink potash feldspar whereas the felsite is formed mainly of fine-grained 
felsic minerals (possibly quartz and potash feldspar). The younger granite 
is generally suitable as a material source for aggregates. The granitic 
gneiss was affected by the metamorphic processes and weathering and 
therefore is not suitable for aggregate materials. The basement rocks from 
the field investigations are hard in the unweathered state, so blasting and 
explosives is important for excavation. 
The Nubian formations Fig.3.6 include all the consolidated sedimentary 
rocks covering most of the area as low scattered outcrops. These 
formations include mudstone, sandstone and conglomerates (gravels 
beds). They are part of the Nubian formation of Sudan which is of 
Cretaceous age. This is clear from the plant fossils found in the 
formations. The sandstones mainly are argillaceous fine-coarse grained. 
All the formations in this area are characterized by the presence of 
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groundwater, especially the formations near the River Nile since it 
represents the main feeding agent for the groundwater. 
 
 
Plate 3.3 Nubian Sandstone Formation 
 
The Nubian formations in this area are bedded and laminated and often 
easy for excavation. The Tertiary volcanic, represent part of Bayuda 
Tertiary Pleistocene volcanic which are of basic composition (dolerite). 
The dolerite is formed mainly of dark minerals (Fe-Mg-minerals) 
possibly pyroxenes. It is characterized by three sets of closer jointing 
systems as a result of the cooling of the magma. Dykes and sills 
characterize this formation.  
The Recent or Quaternary sediments represent the surface of the residual 
and transported soils. The residual soils were formed due to the complete 
weathering of the pre-existing rock (basement or Nubian formation). The 
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transported soils were formed due to the transportation and deposition of 
the soil by the different weathering agents. Such as Aeolian soil, alluvial 
soil and the Lacustrine soil. The most flat area in this project is Seleim 
area which is mainly clayey silty soil.  
The study area stand out majestically in the wide flat pains, south of 
Omdurman city, south west of Jabel Awlia hydraulic dam on White Nile. 
The study area boundared by the white Nile in the east, low hills to the 
west, southern boundary is Mundra mountain, and in the north small sand 
dunes and short trees. The area is accessible by unpaved road from 
Omudrman .The climate is poor savanna, which characterized by hot 
rainy summer and dry winter (The rain extends from July till October, 
winter normally starts on November and ends at march. The area covered 
with poor savanna in the form of short trees and shrubs. The population 
lives in small scattered village, water resource is ground water. 
The main geological units covering the study area are: 
a. basement complex rock  (pre-cambrian) 
The basement complex rocks are the oldest in the area. The basement 
complex generally consists of both metamorphic and igneous rocks. They 
are made up of gneisses and schist which are intruded by granite sand 
quartz veins (The granite gneisses start from 3.0m completely weathered 
(residual soil) to 20.0m of highly to moderately weathered granite gneiss 
and biotitic schist (composed of quartz and potash feldspar as light 
minerals, biotitic mica as dark minerals. 
b. Nubian sandstone (cretaceous) 
the Nubian sandstone are called Nubian formation .These sediments rest 
unconformable on the basement complex, .the sediments comprise 
bedded conglomerates, sandstone, grits and mudstone. 
The Nubian sandstone occupies about 28%of the surface area of the 
Sudan and is the main sedimentary sequence and aquifer in the Sudan. It 
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crops out at few locations near the study area in the North West of the 
study area; it is also found at the north and west of the study area at low 
hills of sandstone and in the south of the study area at Mundra Mountain. 
c. Superficial deposits (Recent) 
The superficial deposits represent the recent sediments of White Nile and 
alluvial deposits, which consist of gravels, sand, silts and clay. The 
material encountered in borehole and trial pits from surface at 0.0m up to 
3.0m depth.  
3.4 Boreholes 
The boreholes in this study were drilled using the rotary drilling 
technique Plate 3.4, in most of the boreholes rotary core drilling was used 
to recover representative samples from rock strata. A core barrel fitted 
with a 55 mm diamond tipped or impregnated drill crown was used.  
Drilling water was pumped through the core barrel to cool the drill bit 
and flush the cuttings to the surface. The core barrel used can recover a 
1.5 m length of core at a time. Once the core barrel was full the drill stem 
with core barrel was withdrawn from the hole and the core sample was 
recovered and stored in core boxes.  Core boxes were marked with the 
depths drilled so that a visual inspection of the core box indicates the 
degree of core recovery relative to the total depth drilled.  
Field description was done to report the depth of samples, geological 
description (colour, hardness, weathering, discontinuity spacing, grain 
size, rock name, straight graphic horizon etc.), percentage of core 
recovery, percentage of rock quality designation (RQD), drilling rate and 
water loss.  
Core Recovery = Length of core recovered / Theoretical length of rock 
core. 
RQD = ∑ Length of recovered pieces equal to or larger than 101.6mm / 
Theoretical length of rock core. 
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After finishing drilling of the boreholes, the falling head permeability 
tests were carried out in case the rock formations were highly weathered 
and the walls were not hard enough to support the Lugeon Packers. In the 
hard formations where the walls were hard enough to support the Lugeon 
Packers, the Lugeon tests were carried out. These two tests were carried 
out to estimate the field permeability in this study. 
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Plate 3.4 Drilling Process 
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3.5 Field Tests 
Most rocks and soils contain numerous voids where water may be stored 
and through which water can percolate. Permeability is a measure of the 
ease of movement of fluid and gas through the open spaces and fractures. 
The properties of soil and rock have significant impact on water 
movement through the interstitial voids. Water movement through soil 
and rock significantly affects the ability to control water during 
construction. 
There are many different types of field tests that can be used to estimate 
the permeability of the in situ soil. The field tests are reliable because the 
coefficient of permeability determined from laboratory tests on small soil 
specimens may not be representative of the overall field conditions.  
3.5.1 Falling Head Test 
Falling head test in boreholes constitute one means of determining the 
permeability of overburden in situ. It is particularly valuable in the case 
of materials such as sands or gravels, undisturbed samples of which are 
difficult or impossible to obtain. 
Hole in which falling head tests were performed by drilling using only 
clear water. The tests were performed intermittently as the borehole was 
advanced. When the hole reaches the level at which a test was desired, the 
hole was cleaned and flushed using clear water and upward- deflected jets 
until a clean surface of undisturbed material exists at the bottom of the 
hole. 
Data which recorded for each test regardless of the type of test performed 
include: 
1. Date of test 
2. Location of borehole 
3. Name of borehole 
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4. The inside diameter of the casing  
5. The height of the casing above ground surface 
6. The length of the casing during the test 
7. The diameter of borehole 
8. The depth of borehole from the ground surface 
9. A description of the material tested    
In this test, a casing of 2” or 3” in diameter was used beside the water 
level indicator Plate 3.5. The falling of the water level was recorded with 
time. The casing was filled with water which allowed to seep into the 
soil. The rate of drop of the water level in the casing was observed by 
measuring the depth of the water surface below the top of casing at 
10,20,30,40,50,60sec and1,2,3,4,5minutes after the start of the test and at 
5-minute intervals until 30minute and at 10- minute intervals thereafter. 
These observations were made until the rate of drop became negligible. 
Formulas for the determination of the permeability by this method is 
 
 (cm/s) 
 
where 
D= Dia. Of Casing (cm) 
H1 and H2 (cm) are the pressure head at times t1  and t2 (sec), respectively. 
The apparatus used for carrying out the in-situ permeability test is shown 
in Plate3.6. This apparatus was designed to give a general idea of the 
seepage characteristics of the material at the bottom of the tested 
boreholes. 
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The following assumptions were adopted for this test: 
• The soil is not subject to disturbance, segregation, swelling and 
consolidation. 
• There is no sedimentation or leakage during testing. 
• No air or gas are entrapped in soil or pipe used for testing. 
• The hydraulic losses in pipes or filter are negligible. 
Table (3.3) shows falling head test data, calculation and  results for  one 
borehole as a sample. 
Geological description and final results of the falling head tests on the 
right bank and left bank are presented in Table (3.4) and those on KNIA 
are presented in Table (3.5). 
The results of the field permeability (Falling Head method) on the left 
bank are presented in Appendix (A1) and those on the right bank are 
presented in Appendix (A2) and those on KNIA are presented in 
Appendix (A3). 
 
 
 
 
  
  
  
Plate 3.5 water level indicator                                             
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Plate 3.6 In Situ permeability Test 
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Table 3.3 Falling Head Test Data, Calculation and Results as A sample 
Falling head Test Results 
       
         
 Date:      B.H.No.: LB2  
 Elevation: 254 m    Test depth: 9.0 m  
 Coordinates:  X: 400161 Y: 2054921 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 120       
 20s 150 180.0 0.007551541   
 30s 176 156.0 0.006763473   
 40s 199 138.0 0.006163401   
 50s 215 96.0 0.004392871   
 1 230 90.0 0.004200406   
 2 300 70.0 0.003458398   
 3 345 45.0 0.002411008   
 4 375 30.0 0.001701204   
 5 400 25.0 0.001481255   
 10 430 6.0 0.000372243   
 15 470 8.0 0.000528025   
 20 495 5.0 0.000350655   
 25 505 2.0 0.000145148   
 30 511 1.2 8.85028E-05   
 40 519 0.8 5.98541E-05   
 50 530 1.1 8.39455E-05   
 60 540 1.0 7.80368E-05   
 75         
 90         
 110         
 130         
         
     Average k= 0.000416974   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Table (3.4.a) Geological description and final results of the falling head tests on Right Bank and  left bank  
       drilling rate  
BH 
No. 
d
e
p
t
h
 
(
m
)
 
Soil or rock description 
R
e
a
l
 
c
o
r
e
 
l
e
n
g
t
h
 
 
o
f
 
s
a
m
p
l
e
(
c
m
)
 
C
R
 
(
%
)
 
R
Q
D
 
(
%
)
 
F
F
/
m
L
 
Core Length (Cm) 
 and  Depth (m) 
Time 
(Min) 
Water 
  
Loss 
k
(
c
m
/
s
e
c
)
 
 
RBS2 5.00 0 0% 0%   100(4.0-5.0) 11 5% 0.000723348  
    
Very soft, buff, highly weathered, medium - 
grained, argillaceous Sandstone.                  
RBS9 5 0 0% 0%   100(4.0-5.0) 8 75% 0.001151477  
    
Very soft, highly weathered, medium - 
grained argillaceous Sandstone.                  
RBS10 5 0 0% 0%   100(4.0-5.0) 5 5% 0.0002468  
    
Very soft, buff, highly weathered, medium - 
grained argillaceous Sandstone.                  
RB7 6 0 0% 0%   200(4.0-6.0) 5 5% 0.000593176  
    
Very soft, brown, highly weathered, medium 
- grained, argillaceous Sandstone.                  
RB30 8.0 0 0% 0%   50(7.5-8.0) 2 5% 0.001312668  
    
Very soft, brown, highly weathered, medium 
- grained, argillaceous Sandstone.                  
RB9 11.0 0 0% 0%   100(10-11) 12 5% 0.000216216  
    
Light brown to light grey, highly weathered, 
argillaceous Sandstone.                  
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Table (3.4.b) Geological description and final results of the falling head tests on Right Bank and left bank  
 drilling  rate  
BH No.
d
e
p
t
h
 
(
m
)
 
Soil or rock description 
R
e
a
l
 
c
o
r
e
 
l
e
n
g
t
h
 
 
o
f
 
s
a
m
p
l
e
(
c
m
)
 
C
R
 
(
%
)
 
R
Q
D
 
(
%
)
 
F
F
/
m
L
 
Core Length 
(Cm)  and  Depth 
(m) 
Time 
(Min) 
Water 
  
Loss 
k
(
c
m
/
s
e
c
)
 
 
RBS8 5.0 0 0% 0%   200(3.0-5.0) 9 25% 0.008852118  
    
Very soft to soft, buff, highly weathered, fine 
- grained argillaceous Sandstone.                  
RB18 5.0 0 0% 0%   100(4.0-5.0) 15 75% 1.20251E-05  
    
Very soft, buff, (whitish buff), highly 
weathered, fine - grained, argillaceous 
Sandstone.                  
RB24 7 0 0% 0%   100(6.0-7.0) 40   0.000191954  
    
Very soft, buff, highly weathered, fine - 
grained, argillaceous Sandstone.                  
RB28 5.0 0 0% 0%   100(4.0-5.0) 17 10% 0.000329854  
    
Very soft, brown, highly weathered, fine - 
grained, argillaceous Sandstone.                  
LB21 10 0 0% 0%   100(9.0-10.) 27 30% 0.001485956  
    
Very soft, yellowish brown, highly 
weathered, fine - grained argillaceous 
Sandstone.                  
LBS3 6 0 0% 0%   105(4.95-6.) 8 0% 7.92458E-05  
    
Very soft, reddish brown, highly weathered, 
fine - grained ferruginous Sandstone.                  
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Table (3.4.c) Geological description and final results of the falling head tests on Right Bank and left bank   
          drilling rate  
BH 
No. 
d
e
p
t
h
 
(
m
)
 
Soil or rock description 
R
e
a
l
 
c
o
r
e
 
l
e
n
g
t
h
 
o
f
 
s
a
m
p
l
e
(
c
m
)
 
C
R
 
(
%
)
 
R
Q
D
 
(
%
)
 
F
F
/
m
L
 
Core Length 
(Cm)  and  Depth 
(m) 
Time 
(Min) 
Water 
  
Loss 
k
(
c
m
/
s
e
c
)
 
 
RBS1 6.00 0 0% 0%   200(4.0-6.0) 11 None 0.000483312  
    
Very soft, brown, highly weathered, coarse - 
grained argillaceous Sandstone.                  
RB5 5.5 0 0% 0%   200(2.0-6.0) 18 5% 0.001220054  
    
Very soft, whitish brown, highly weathered, 
coarse-grained, pebbly argillaceous 
Sandstone.                  
RB5 13 0 0% 0%   300(10-13) 13 None 0.001330487  
    
Very soft, whitish brown, highly weathered, 
coarse-grained, argillaceous Sandstone.                  
RB6 9.5 0 0% 0%   200(8.0-10.) 13 100% 0.001221388  
    
Very soft, whitish buff to soft, highly 
weathered, coarse to medium - grained, 
argillaceous Sandstone.                  
RB6 19 0 0% 0%   100(18.-19.) 9 25% 0.001643842  
    
Very soft, white, highly weathered, coarse - 
grained, argillaceous Sandstone.                  
RB7 12 0 0% 0%   250(9.5-12) 12 5% 0.000775345  
    
Very soft, brown, highly weathered, coarse - 
grained, argillaceous Sandstone.                  
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continue           
Table (3.4.c) Geological description and final results of the falling head tests on Right Bank and  left bank
          drilling rate 
BH No. 
d
e
p
t
h
 
(
m
)
 
Soil or rock description 
R
e
a
l
 
c
o
r
e
 
l
e
n
g
t
h
 
 
 
 
o
f
 
s
a
m
p
l
e
(
c
m
)
C
R
 
(
%
)
 
R
Q
D
 
(
%
)
 
F
F
/
m
L
 
Core Length 
(Cm)  and  Depth 
(m) 
Time 
 
(Min)
Water 
  
Loss 
k
(
c
m
/
s
e
c
)
 
RB8 9.00 0 0% 0%   100(8.0-9.0) 4 None 0.170091511
    
Very soft, light brown, highly weathered, 
coarse - grained argillaceous Sandstone.                 
RB9 5.5 0 0% 0%   100(5.0-6.0) 18 20% 0.004474201
   
Very soft, brown, highly weathered, 
coarse - grained argillaceous Sandstone.                 
RB12 12.0 0 0% 0%   100(11-12) 12 10% 0.001223226
    
Very soft, light brown, highly weathered, 
coarse - grained, argillaceous Sandstone.                 
LB24 6 0 0% 0%   200(4.0-6.0) 18 5% 0.000345137
    
Very soft, reddish brown, highly 
weathered, coarse - grained, ferruginous 
Sandstone.                 
LB24 10 0 0% 0%   200(8.0-10.) 26 5% 0.014236996
    
Very soft, brown, highly weathered, 
coarse - grained, ferruginous Sandstone.                 
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Table (3.4.d) Geological description and final results of the falling head tests on Right Bank and  left bank  
     drilling rate  
BH 
No. 
d
e
p
t
h
 
(
m
)
 
Soil or rock description 
R
e
a
l
 
c
o
r
e
 
l
e
n
g
t
h
o
f
 
s
a
m
p
l
e
(
c
m
)
 
C
R
 
(
%
)
 
R
Q
D
 
(
%
)
 
F
F
/
m
L
 
Core Length 
(Cm)   
and  Depth (m) 
Time 
(Min) 
Water 
     
Loss 
k
(
c
m
/
s
e
c
)
 
 
RBS3 5.0 0 0% 0%   300(2.0-5.0) 52 10% 3.60466E-05  
    
Soft, buff to light brown, highly 
weathered, fine - grained argillaceous 
Sandstone.                   
RB15 6 Soft, brown, highly weathered, fine - grained, argillaceous Sandstone. 0 0% 0%   100(5.0-6.0) 17 10% 0.00023056  
                       
RB16 10.00 0 0% 0%   100(9.0-10.) 22 10% 0.000176653  
    
Soft, brown, highly weathered, fine - 
grained, ferruginated argillaceous 
Sandstone.                  
RB21 5.0 0 0% 0%   150(3.5-5.0) 12 10% 0.000662658  
    
Soft, brown, highly weathered, fine - 
grained, argillaceous Sandstone.                  
RB21 10.0 0 0% 0%   250(7.5-10) 41 10% 0.000671825  
    
Soft, brown, highly weathered, fine - 
grained, argillaceous Sandstone.                  
RB27 7 100 100% 20% 22% 100(6.0-7.0) 6 20% 0.000546757  
    
Soft, buff to brown, highly weathered, 
bedded and lamimated, fine - grained, 
argillaceous Sandstone.                  
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continue           
Table (3.4.d) Geological description and final results of the falling head tests on Right Bank and  left bank  
     drilling rate  
BH 
No. 
d
e
p
t
h
 
(
m
)
 
Soil or rock description 
R
e
a
l
 
c
o
r
e
 
l
e
n
g
t
h
o
f
 
s
a
m
p
l
e
(
c
m
)
 
C
R
 
(
%
)
 
R
Q
D
 
(
%
)
 
F
F
/
m
L
 
Core Length 
(Cm)   
and  Depth (m) 
Time 
(Min)
Water 
     
Loss 
k
(
c
m
/
s
e
c
)
 
 
RB29 9.0 48 48% 0%   100(8.0-9.0) 35 15% 0.000198161  
    
Soft, dark to pinkish brown, highly 
weathered, highly fractured, and fine - 
grained ferruginous Sandstone.                  
LB12 10 8 8% 0%   100(9.0-10.) 27 25% 0.000884967  
    
Soft, brown, highly weathered, bedded 
fine - grained argillaceous Sandstone.                  
LB16 8 0 0% 0%   100(7.0-8.0) 14 50% 0.000154379  
    
Soft, brown, highly weathered, fine - 
grained argillaceous Sandstone.                  
LB25 8.00 50 50% 23%   100(7.0-8.0)   10% 0.002639676  
    
Soft, bulb, highly weathered, fine to 
medium - grained, bedded and laminated, 
argillaceous Sandstone.                  
LBS2 
8.00 0 0% 0%   200(6.0-8.0) 23 5% 
1.16665E-10  
    
Soft, brown, highly weathered, fine - 
grained argillaceous Sandstone.
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Table (3.4.e) Geological description and final results of the falling head tests on  Right Bank and  left bank  
         drilling rate  
BH No. 
d
e
p
t
h
 
(
m
)
 
Soil or rock description 
R
e
a
l
 
c
o
r
e
 
l
e
n
g
t
h
 
 
o
f
 
s
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m
p
l
e
(
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m
)
 
C
R
 
(
%
)
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(
%
)
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/
m
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Core Length (Cm)  
 and  Depth (m) 
Time 
(Min) 
Water 
     
Loss 
k
(
c
m
/
s
e
c
)
 
 
RBS5 5.0 0 0% 0%   200(3.0-5.0) 9 10% 8.96837E-05  
    
Soft, light brown, highly weathered, medium - grained, 
argillaceous Sandstone.
                 
RBS6 7.0 0 0% 0%   200(5.0-7.0) 20 10% 0.000265192  
    
Soft, whitish brown, highly weathered, medium - 
grained, ferruginous Sandstone.
                 
RB23 5 58 58% 22%   100(4.0-5.0) 34 50% 0.002988978  
    
Soft, violet, highly weathered, highly fractured, medium 
- grained, ferruginous Sandstone. 
                 
RB31 11 0 0% 0%   150(9.5-11) 77 30% 1.67717E-05  
    
Soft, buff, highly weathered, medium - grained, 
argillaceous Sandstone. 
                 
LB10.0 9.0 0 0% 0%   200(8.0-10.0) 27 5% 0.000138269  
    
Soft, light brown, highly weathered, medium - grained 
argillaceous Sandstone.
                 
LB19 10.0 48 48% 0%   100(9.0-10.) 6 30% 0.000592522  
    
Soft, brown, highly weathered, fractured, medium - 
grained argillaceous Sandstone.
                 
RB32 5.5 114 57% 16% 15 200(3.0-5.5) 12 None 0.001366394  
    
Soft, buff, highly weathered, laminated, fine to medium 
- grained, argillaceous Sandstone.  
                 
LB18 17.0 133 89% 54%   150(15.5-17) 62 100% 0.000915168  
    
Yellowish brown, highly weathered, highly fractured, 
medium - grained argillaceous Sandstone.
                 
LB22 6 0 0% 0%   100(5.0-6.0) 17 5% 0.000752561  
    
Soft, light brown, highly weathered, argillaceous 
Sandstone.
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Table (3.4.f) Geological description and final results of the falling head tests on Right Bank and  left bank  
  drilling rate  
BH 
No. 
d
e
p
t
h
 
(
m
)
 
Soil or rock description 
R
e
a
l
 
c
o
r
e
 
l
e
n
g
t
h
 
o
f
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a
m
p
l
e
(
c
m
)
 
C
R
 
(
%
)
 
R
Q
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(
%
)
 
F
F
/
m
L
 
Core Length 
(Cm)  
 and  Depth (m) 
Time 
 
(Min) 
Water 
    
Loss 
k
(
c
m
/
s
e
c
)
 
 
RBS4 6.0 
0 0% 0%   200(4.0-6.0) 25 25% 
0  
    
Soft, whitish brown, highly weathered, coarse - 
grained, argillaceous Sandstone.
                 
RB4 11.0 
0 0% 0%   200(9.-11.0) 10 None 
3.30425E-05  
    
Soft, brown, highly weathered, pebbly coarse-grained, 
pebbly argillaceous sandstone.
                 
RB4 22.0 
0 0% 0%   100(21-22) 5 None 
0.000173879  
    
Soft, light brown, highly weathered, coarse-grained, 
pebbly argillaceous sandstone.
                 
RB20 8.0 0 0% 0%   100(7.0-8.0) 2 10% 0.000604953  
    
Soft, light brown, highly weathered, coarse - grained, 
argillaceous Sandstone.
                 
LB19 5 
0 0% 0% 
  
100(4.0-5.0) 45 25% 
0.000684522  
    
Soft, yellowish brown, highly weathered, pebbly, 
coarse - grained argillaceous Sandstone.
                 
LBS1 10 
0 0% 0%   200(10.-12.) 24 10% 
7.33101E-05  
    
Soft, white to whitish grey, highly weathered, coarse - 
grained argillaceous Sandstone.
                 
LBS2 4 
0 0% 0%   200(2.0-4.0) 21 5% 
0.000343411  
    
Soft, brown, highly weathered, coarse - grained 
argillaceous Sandstone.
                 
LBS4 5.0 
0 0% 0%   100(4.0-5.0) 18 10% 
0.001370045  
    
Soft, creamy, highly weathered, coarse - grained 
argillaceous Sandstone.
                 
LB17 6 
0 0% 0% 
  100(5.0-6.0) 24 50% 0.001072568  
    
Soft, whitish brown, highly weathered, argillaceous 
Sandstone.
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Table (3.4.g) Geological description and final results of the falling head tests on  Right Bank and  left bank
   drilling  rate 
BH 
No. 
d
e
p
t
h
 
(
m
)
 
Soil or rock description 
R
e
a
l
 
c
o
r
e
 
l
e
n
g
t
h
 
o
f
 
s
a
m
p
l
e
(
c
m
)
 
C
R
 
(
%
)
 
R
Q
D
 
(
%
)
 
F
F
/
m
L
 
Core Length 
(Cm)  and  Depth 
(m) 
Time 
(Min) 
Water 
      
Loss 
k
(
c
m
/
s
e
c
)
 
RBS7 14.0 0 0% 0%  200(12.-14.)  5% 1.95086E-05 
    
Very soft, grey, highly weathered Mudstone.
                
RB11 5.0 
0 0% 0% 
  
100(4.0-5.0) 20 15% 
0.001242613 
    
Very soft, yellowish brown, highly weathered, medium 
- grained, intercalation of argillaceous Sandstone and 
Mudstone.                 
RB12 24.0 0 0% 0%   100(23.0-24) 50 100% 0.000115653 
    
Very soft, buff to light grey, highly weathered, 
Mudstone.                 
RB13 12.5 0 0% 0%   150(11-12.5) 44 20% 2.84486E-05 
    
Very soft, brownish grey, highly weathered, Mudstone.
                
RB13 25 0 0% 0%   200(23-25) 218 80% 2.83427E-06 
    
Very soft, brownish grey,  highly weathered, Mudstone.
                
RB14 8 0 0% 0%   200(6.0-8.0) 14 10% 8.25751E-06 
    
Soft to very soft, grey, highly weathered, Mudstone.
                
RB17 5 0 0% 0%   100(4.0-5.0) 155 25% 9.01613E-05 
   
Very soft, grey, highly weathered, highly plastic, 
Mudstone.                 
RB22 5 0 0% 0%   50(4.5-5.0) 21 10% 2.66812E-05 
    
Very soft, brownish grey, highly weathered, Mudstone.
                
LB13 5 0 0% 0%   100(4.0-5.0) 38 10% 0.000172538 
    
Very soft, brownish grey, completely to highly 
weathered zone of Mudstone.                 
LB17 12.00 40 40% 10%   100(11.-12.) 14 50% 0.001004438 
    
Very soft, whitish grey, highly weathered, highly 
fractured Mudstone.                 
LB20 8.0 
    
Very soft, reddish grey,highly weathered Mudstone. 0 
  
0% 
  
0% 
  
  
  
100(7.0-8.0) 
  
98 
  
0% 
  
0.000186167 
  
LB26 9 0 0% 0%   200(7.0-9.0) 19 5% 0 
    
Very soft, grey, highly weathered Mudstone, Nubian 
group.                 
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Table (3.4.h) Geological description and final results of the falling head tests on  Right Bank and  left bank
 drilling rate               
BH No. 
d
e
p
t
h
 
(
m
)
 
Soil or rock description 
R
e
a
l
 
c
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e
 
l
e
n
g
t
h
 
o
f
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R
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%
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%
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Core Length (Cm) 
and  Depth (m) 
Time 
(Min) 
Water 
      
Loss 
k
(
c
m
/
s
e
c
)
 
RB10 5 
28 28% 91%   
100(4.0-5.0) 4 10% 2.41504E-05 
    
Soft, brown, highly weathered, medium - grained, 
intercalation of laminated argillaceous Sandstone and 
Mudstone.                 
RB25(S)1(2) 5 
70 70% 24%   100(4.0-5.0) 14 10% 
0.001708181 
    
Soft to medium hard, brown to dark brown, highly 
weathered, bedded and laminated medium - grained 
argillaceous Sandstone with very thin intercalation of 
Mudstone.                 
RB25(S)1 10 
96 96% 45%   100(9.0-10.) 18 20% 
0.000298906 
    
Soft to medium hard, dark brown, highly to moderately 
weathered, bedded and laminated, fine to medium 
argillaceous Sandstone.                 
RB26 5 0 0% 0%   100(5.0-6.0) 6 20% 0.000151611 
   
Soft, brown, highly weathered, fine - grained argillaceous 
Sandstone with intercalation of very thin mudstone. 
                
RB26 10.0 
30 100% 70% 13% 93(9.7-10.0) 19 20% 
0.000896608 
    
Soft, light grey, highly weathered, highly fractured, 
Mudstone.
                
RB31 5.5 
178 71% 34% 
11% 
250(3-5.5) 23 25% 
0.000126877 
                    
    
Soft, buff to white, highly weathered, medium - grained, 
laminated, argillaseous Sandstone with few white spots of 
clay formation (possibly kaolinite). 
                
RBS11 5 70 47% 0%   150(3.5-5.0) 31 None 0.000186975 
                    
    
Soft, buff to whitish, highly weathered, highly fractured, 
laminated argillaceous Sandstone, with intercalation of very 
thin layer of Mudstone.                 
 
 
 
 84
  
Table (3.4.i) Geological description and final results of the falling head tests on  Right Bank and  left bank
                drilling  rate 
BH No. 
d
e
p
t
h
 
(
m
)
 
Soil or rock description 
R
e
a
l
 
c
o
r
e
 
l
e
n
g
t
h
 
o
f
 
s
a
m
p
l
e
(
c
m
)
 
C
R
 
(
%
)
 
R
Q
D
 
(
%
)
 
F
F
/
m
L
 
Core Length 
(Cm)  and 
Depth (m) 
Time 
(Min) 
Water       
Loss 
k
(
c
m
/
s
e
c
)
 
RBS12 5 
0 0% 0%   100(4.0-5.0) 20 5% 
1.19165E-05 
    
Loose, light brown, medium to coarse sand.
                
RB19 8 0 0% 0%   100(7.0-8.0) 5 30% 0.000838683 
    
Loose to dense, brown, coarse sand, Alluvial sandy 
soil.
                
RB34 5 
0 0% 0%   100(4.0-5.0)   10% 
  
    
Loose, light brown, medium to coarse sand, 
Alluvial soil.
        
  
      
LB27 5.0 
0 0% 0%   200(3.0-5.0) 17 20% 
0.001557377 
    
Loose, whitish brown, coarse sand, Alluvial wash.
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Table (3.4.j) Geological description and final results of the falling head tests on  Right Bank and  left bank
          drilling  rate 
BH 
No. 
d
e
p
t
h
 
(
m
)
 
Soil or rock description 
R
e
a
l
 
c
o
r
e
 
l
e
n
g
t
h
 
 
o
f
 
s
a
m
p
l
e
(
c
m
)
 
C
R
 
(
%
)
 
R
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(
%
)
 
F
F
/
m
L
 
Core Length 
(Cm)  
 and  Depth 
(m) 
Time 
(Min) 
Water      
Loss 
k
(
c
m
/
s
e
c
)
 
LB18 8.5 0 0% 0%   100(7.5-8.5) 19 0% 0.00021746 
   
Dense, brown, silty sand.
                
LB30 6.0 0 0% 0%   200(4.0-6.0) 38 20% 0 
    
Dense, grey, calcrete soil, and this soil composed 
mainly CaCO3, sand with few amount of clay.                 
LB31 6.0 0 0% 0%   200(4.0-6.0) 72 None 0 
    
Dense, yellowish to buff, calcrete soil (mainly 
CaCO3).                 
LB32 7 0 0% 0%   100(6.0-7.0) 32 10% 0 
    
Very dense, grey, calcrete soil.
                
LB33 5 0 0% 0%   100(4.0-5.0) 40 10% 7.35329E-05 
    
Yellowish grey, plastic, calcrete soil.
                
LB34 5 0 0% 0%   100(4.0-5.0) 20 5% 3.22897E-05 
    
Yellowish grey, calcrete soil with few quartz 
gravels and CaCO3 nodules.                 
LBS5 5   0 0% 0% 100(4.0-5.0) 14 5% 0.002237641 
    
Dense, creamy, calcrete soil mainly carbonate 
CaCO3 (as nodules 0.5 - 2 cm) and fine materials 
with few sand.                 
           
 
 
 
 
 86
Table (3.4.k) Geological description and final results of the falling head tests on Right Bank and  left bank 
drilling  rate 
BH 
No. 
d
e
p
t
h
 
(
m
)
 
Soil or rock description 
R
e
a
l
 
c
o
r
e
 
l
e
n
g
t
h
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e
(
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m
)
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R
 
(
%
)
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Q
D
 
(
%
)
 
F
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/
m
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Core Length 
(Cm)  
 and  Depth 
(m) 
Time 
(Min) 
Water 
     
Loss 
k
(
c
m
/
s
e
c
)
 
LB21 5.0 0 0% 0%   100(4.0-5.0) 30 15% 0 
    
Very dense, brown, gravelly silty sand.
                
LB23 5 0 0% 0%   100(4.0-5.0) 9 5% 1.94302E-05 
    
Very dense, clayey silty sand.
                
LB28 8 0 0% 0%   200(6.0-8.0) 15 20% 2.58116E-05 
    
Very dense, whitish, fine to medium sand, 
Alluvial wash.                 
LB29 5.0 0 0% 0%   200(3.0-5.0) 95 20% 0.000148258 
    
Very dense, grey to violet, kanker soil 
(calcrete) mainly (CaCO3), sand and very few 
clay.                 
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Table (3.4.L) Geological description and final results of the falling head tests on Right Bank and  left bank 
   drilling  rate 
BH 
No. 
d
e
p
t
h
 
(
m
)
 
Soil or rock description 
R
e
a
l
 
c
o
r
e
 
l
e
n
g
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e
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%
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%
)
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m
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Core Length 
(Cm)  and 
Depth (m) 
Time 
(Min) 
Water 
  
Loss 
k
(
c
m
/
s
e
c
)
 
RB3 8 Very soft, light grey, highly weathered, granitic gneiss 0 0% 0%   100(7.0-8.0) 60 None 0.001327007
LB2 6.00 60 60% 0%   100(5.0-6.0) 40 10% 0.001045357
    
Soft to medium hard, light grey, highly 
weathered, highly fractured, foliated, granitic 
gneiss.                 
LB2 9 147 93% 75%   150(7.5-9.0) 39 15% 0.000416974
   
Medium hard, light grey, moderately weathered, 
foliated, medium spaced jointing, coarse - 
grained, granitic gneiss.                 
LB5 16.5 70 100% 100%   70(15.8-16.5) 60 5% 0.000166447
    
Very hard, light to white grey, weathered, 
widely spaced, very coarse-grained, pegmatite 
granite.                 
RB16 5 30 15% 0%   200(3.0-5.0) 20 10% 0.001301658
                    
    
Soft to hard, reddish brown to brown, highly 
weathered, intercalation of hard iron crust and 
soft laminated, medium - grained, ferruginated 
argillaceous Sandstone.                 
RB33 5 57 57% 17%   100(4.0-5.0) 58 5% 0.003409549
    
Soft, buff, highly weathered, fine - grained 
argillaceous Sandstone with iron oxide 
concentration, filling old joints.                 
LB7 4 Dark grey, soft, highly weathered granitic gneiss. 0 0% 0%   100(3.0-4.0) 15 5% 0.000140185
LB9 9.0                 0.000273491
LB11 10                   2.46828E-06
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Table (3.5) Geological description and final results of the falling head tests on KNIA 
 
BH No. 
de
pt
h 
(m
)
 
Soil or rock description  
k(
cm
/s
ec
)
 
BA1 0.77 0.000133569 
    
Loose to medium dense, dry, reddish, silty sandy
Gravel- the gravel rounded to subrounded   
BC2 2.13 5.22663E-06 
   
Clay of low plasticity (alluvial)
Very dense, dry, creamy, silty Sand   
BE1 1.9 5.43374E-06 
    
Very dense, dry, yellowish (creamy), clayey sandy Gravel
  
BE2 1.85 1.38862E-05 
    
Very dense, dry, whitish, silty clayey Sand
  
BX2 2.1 0.000492286 
    
Medium dense to dense, slightly moist, light brown 
slightly   
BZ1 2.2 1.82167E-06 
    
Dense, dry, light brown (creamy), silty
clayey Sand (alluvial)   
BZ4 2.0 6.12418E-05 
    
Very Dense, dry, yellowish (Creamy),Silty
clayey Sand (basement rock).   
BZ5 2 3.68248E-05 
    
Very dense, dry, light brown, slightly, clayey
sandy Gravel with calcareous material – Calcrete   
BADM 1.95 0.000158953 
    
plasticity (alluvial)
Very dense, dry, light brown, slightly, sandy   
BCAR2 1.45 1.82693E-05 
    
Very dense, dry, brown, slightly, sandy Gravel
with calcareous material -,Calcrete soil.   
BCAR4 1.17 1.36901E-05 
    
Gravel, rich with nodules of caco3 - Calcrete
soil.   
BGAS1 1.24 3.22863E-06 
    
Very dense, dry, brown, slightly, sandy
gravels ferricrete soil   
BHOT 2.54 6.07699E-07 
      
Dense, dry, creamy (yellowish), residual soil
formed due to complete weathering of Granitic
Gneiss
BHS2 1.65 1.75603E-06 
    
Hard, dry, yellowish (creamy), silty sandy Clay
clayey silty Sand (alluvial).   
BTER1 1.9 clayey silty Sand (alluvial). 3.28993E-05 
BTER5 2.1 2.2203E-06 
    
Hard, slightly moist, dark brown, silty sandy
Clay of low plasticity (alluvial).   
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3.5.2 Water Pressure Test (Lugeon Method) 
This test was carried out to measure the permeability of the soil or rock at 
specific depths in a borehole. Pressure permeability tests are run using 
one or two packers to isolate various zones or lengths of drill hole. 
Mechanical packers, pneumatic packers, hydraulic packer, and other 
types of packers have been used for pressure testing. Pneumatic packers 
are usually more economical and reliable because they reduce testing 
time and ensure a tighter seal, particularly in rough-walled, oversize, or 
out-of-round holes. The packer(s) are inflated through tubes extending to 
a tank of compressed air or nitrogen at the surface. . When double 
packers are used, the hole can be drilled to total depth and then tested. 
When a single packer is used, the hole is advanced and tested in 
increments 
3.5.2.1Cleaning Test Sections 
Before testing, the test section surged with clear water and flushed out to 
clean cuttings and drilling fluid from the hole. Failing to clean the hole 
may result in a permeable rock appearing to be impermeable because the 
hole wall is sealed by cuttings or drilling fluid. 
3.5.2.2 Length of Test Section 
The length of the test section was governed by the character of the rock, 
but generally a length of 10 feet (3 m) was acceptable. On some tests, a 
10-foot (3-m) section will take more water than the pump can deliver, and 
no back pressure can be developed. When this occurs, the length of the 
test section shortened until back pressure developed, or the falling head 
test might be tried. The test sections should have and L/2r ratio greater 
than 5, where r is the radius of the hole and l is the length of the test 
section. The packer should not be set inside the casing when making a 
test unless the casing has been grouted in the hole. Test sections greater 
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than 20 feet (6 m) long may not allow sufficient resolution of permeable 
zones. 
3.5.2.3 Size of Rod or Pipe to Use in Tests 
Drill rods were used to make pressure and permeability tests. . For general 
use, 1¼-inch (32-mm) or larger pipe is better. Using 1¼-inch (32-mm) 
pipe, particularly where holes 50 feet (15 m) or deeper are to be tested, is 
obviously better than using smaller pipe. The couplings on 1¼-inch (32-
mm) pipe must be turned down to 1.8 inch (45 mm) outside diameter for 
use in boreholes. 
3.5.2.4 Pumping Equipment 
Permeability tests made in drill holes performed using positive 
displacement pumps (Moyno type) having sufficient capacity to develop 
back pressure. A pump with a capacity of up to 250 gal/min (950 L/min) 
against a total head of 160 feet (48 m) was used for testing. Head and 
discharge of this pump were easily controlled by changing rotational 
speed or adjusting the discharge valve. 
The fluctuating pressures of multiple cylinder pumps, even when an air 
chamber is used, are often difficult to read accurately because the high 
and low readings must be averaged to determine the approximate true 
effective pressure. In addition, mud pumps occasionally develop high 
peak pressures that may fracture the rock or blow out a packer. 
3.5.2.5Swivels for Use in Tests 
Swivels used for pressure testing were selected for minimum head losses. 
3.5.2.6Location of Pressure Gauges 
The ideal location for a pressure gauge was in the test section, but as 
close to the packer as possible. 
3.5.2.7 Pressures Used in Testing 
Water was applied at a low pressure for 10 minutes. This was followed 
immediately by a moderate pressure for the next 10 minutes, after that a 
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peak pressure for the next 10 minutes, then the moderate pressure again 
for the next 10 minutes, then the low pressure again for the final 10 
minutes. 
High (peak) pressure = 0.23 bars/m depth  
Moderate pressure = 65% of peak pressure  
Low pressure = 40% of peak pressure  
These five different pressures runs were done immediately after each 
other. 
3.5.2.8 Arrangement of Equipment 
The recommended arrangement of test equipment starting at the source of 
water is: source of water; suction line; pump; waterline to settling and 
storage tank, positive displacement pump; line to water meter inlet pipe; 
water meter; short length of pipe; valve; waterline to swivel; sub for 
gauge; and pipe to packer. All connections were kept as short and straight 
as possible, and the number of changes in hose diameter, pipe, etc., was 
kept as small as possible. All joints, connections, and hose between the 
water meter and the packer or casing were tight, and there were no water 
leaks. 
3.5.2.9. Methods of Testing 
Normally two methods are used for this test named: single packer and 
double packer. 
3.5.2.9.1 Method 1 (Single Packer) The hole was drilled, cleaned, 
and tools were removed, the packer was seated at the test interval 
distance above the bottom of the hole, water under pressure was pumped 
into the test section, and readings were recorded. The packer removed, 
the hole was drilled to the test interval length deeper, cleaned, the packer 
was inserted using the length of the newly drilled hole as the test section, 
and the test performed.  
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3.5.2.9.2 Method 2 (double packer) The hole was drilled to the 
final depth, cleaned, and blown out or bailed. Two packers spaced on 
pipe to isolated the desired test section  were used. Water under pressure 
was pumped into the test section, and readings were recorded. 
 The equipment of the former consists of two packers comprising steel 
tubes surrounded by inflatable rubber sleeves separated by a perforated 
length of steel tube, as shown in Fig (3.4) and Fig (3.7). The spacing of 
the packers can be adjusted to specific length of soil or rock to be tested.  
The single packer method was used to carryout the test at the bottom of 
the hole. 
The packer arrangement in both methods is connected via high pressure 
tubing to a suitable pump on the surface. Data collected from the system 
is obtained by flow meters and pressure gauges. 
Pressures were stepped up to the maximum pressure and then stepped 
down through the original pressure 
0.5-1-2-1-0.5 bar for depth less than 10 m below ground) and 
1-2-3-2-1 bar for depth of 10 to 20 m below ground .  
The duration of each pressure stage was 10 minutes. 
Thirteen Lugeon tests were carried out at different depths of boreholes. 
Table (3.6) shows Lugeon test data, calculations and results for one 
borehole as a sample. 
Geological description and final results of the Lugeon tests on the left 
bank are presented in Table (3.7) and those on the right bank are 
presented in Table (3.8). 
The specific water take during the test was presented diagrammatically as 
a function of the applied pressure. The Lugeon value (specific water take, 
litres per metres of test section per minute of test duration at a steady 
pressure of 10 bar effective at the packer) was estimated from the 
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interpolation or extrapolation of the “water pressure versus water take 
curves”. The shape of the curves is considered during the interpolation or 
extrapolations. Comparison of the calculated permeability values and the 
pressure versus flow curves for the steps provided clues as to whether the 
flow  is laminar, if jacking or hydrofracturing (dilation) is occurring, and 
if fractures are being washed out or plugged. The collected data from 
field, the calculation and the results of the Lugeon test for the left bank 
are presented in Appendix (B1) and those for the right bank are presented 
in Appendix (B2). 
 
 
 
 
 
Fig (3.4) lugeon setup  
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    Plate 3.7  Lugeon Test Equipment 
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Table 3.6 Lugeon Test Data, Calculation and Results as A sample 
 
                                                                Field Data of Lugeon Permeability Test 
                                                                                                                                                                                    Sheet 1of 2               
 Borehole No:       LB3                                                             Test Stage Characteristic (length measured down line of bore hole: 
                                                                                                  (A) Length of casing above the ground level (m):                             0.5 
Borehole Test No:  1/1                                                              (B) Length of casing below the ground level (m):                             0.8 
                                                                                                   (C) Depth of the bottom packer (m):                                                   5 
Date of Test: 12/4/2004                                                             (D) Depth of the borehole (m):                                                           8  
                                                                                                   (h0) Height of pressure gauge from ground level (m):                      1.5 
Packer Type: Pneumatic Single                                                 (h1) Depth to center of test section (m):                                            6.5 
                                                                                                   (hw)  Depth of ground water from G.L (m):                                      0 
Packer Pressure:    30 bar                                                           Depth of water used for drilling (m):                                               1.55 
 
Time (min) Total Volume Test 
Period 
Gauge 
pressure 
(bar) 0 1 2 3 4 5 6 7 8 9 10 (m
3) (Lt) 
Average 
Flow 
(Lt/min) 
First 0.5 0.6549 0.65787 0.66045 0.66285 0.66505 0.667 0.66898 0.67095 0.6729 0.67466 0.6763 0.02140 21.4 2.14 
Second 1 0.6785 0.68345 0.6883 0.69255 0.6968 0.70105 0.7055 0.7055 0.714 0.71825 0.7255 0.044 44 4.4 
Third 1.5 0.931 0.967 1.0027 1.0386 1.0741 1.1096 1.145 1.794 1.2143 1.2497 1.2862 0.3552 355.2 35.52 
Forth 1 0.309 0.3356 0.3622 0.3884 0.4143 0.4445 0.466 0.466 0.5148 0.5392 0.5641 0.2551 255.1 25.51 
Fifth 0.5 0.575 0.589 0.6032 0.6174 0.6308 0.6445 0.6582 0.6582 0.6851 0.6988 0.7124 0.1374 137.4 13.74 
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                                                                Calculation Data from LUGEON Permeability Test 
                                                                                                                                                                                                                  Sheet 2 of 2 
Borehole technical Characteristic                                                                                                Hydraulic characteristic of the tested 
 (d) Hole diameter (mm):                         59                                                                                    Specific weight of water (Kg/m3):             1 
(L) Length of hole tested (m):                  3                                                                                      Internal diameter of pipe (mm):                 20 
                                                                                                                                                         Length of pipe and packer (m):                 26.53  
 
Test Period Manometer Pressure(bar) 
Height of Water 
(ho+hw)  (m) 
Flow 
(Lt/min) 
Loss of Pressure 
(bar) 
Effective   
Pressure (bar) 
Specific Absorption Flow 
(lt/min/m) 
Coeffic.of 
permeability Lugeon 
First 1 1.5 2.14 0 0.5 0.713 14.267 
Second 2 1.5 4.4 0 1 1.467 14.667 
Third 3 1.5 35.52 0 1.5 11.84 78.933 
Forth 2 1.5 25.51 0 1 8.503 85.033 
Fifth 1 1.5 13.74 0 0.5 4.58 91.6 
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      Table 3.7 Geological Description and Final Results of the Lugeon Tests on Left Bank  
 
 
   
 
Drilling rate Water      
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R
e
a
l
 
c
o
r
e
 
l
e
n
g
t
h
 
o
f
 
s
a
m
p
l
e
 
(
c
m
)
 
C
R
 
(
%
)
 
R
Q
D
 
(
%
)
 
F
F
/
m
L
 
Core Length (Cm)     
and    Depth (m) 
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LB3 3.00 83 55% 10% 12 150(0.0-1.5) 50 15%   
    
Medium hard, light grey, highly weathered, coarse - 
grained, closely spaced jointing, granite gneiss. 
                
  4 71 47% 0%   150(3.0-4.5) 30 25% 
   
Medium hard, light grey, highly weathered, highly 
fractured, coarse - grained, closely spaced jointing, 
granite gneiss.               
  5.0 150 100% 47% 10 150(4.5-6.0) 51 15% 
  6.0 
Same as above mentioned core run. 
              
H
y
d
r
o
f
r
a
c
t
u
r
e
 
LB4 3.5 90 87% 44%   103(2.7-3.73) 84 None   
    
Medium hard, light grey, moderately weathered, 
highly fractured, coarse - grained, pegmatitic 
granite.                 
  4.0 68 53% 46%   127(3.73-5.0)   None 
  5 
Hard, light grey, slightly weathered, medium spaced 
jointed, coarse - grained, pegmatitic granite.               
  6.0 150 100% 58%   150(5.0-6.5) 52 20% 
    
Hard, light grey, moderately weathered, highly 
fractured, coarse - grained, pegmatitic granite.               D
i
l
a
t
i
o
n
 
LB4 9.0 140 93% 90%   150(8.0-9.5) 57 20%   
    
Very hard, light grey, unweathered, widely spaced 
jointing, coarse grained, foliated, granitic gneiss.                 
  10 125 100% 92%   125(9.5-10.75) 63 20% 
  11               
  12 
Same as above mentioned core run. 
122 98% 98%   125(10.75-12) 55 20% 
D
i
l
a
t
i
o
n
 
LB6 4 92 92% 92% 2 100(3.0-4.0) 56 25%   
  5 
Hard to very hard, unweathered, light grey, widely 
spaced jointing, coarse grained younger granite, 
with big crystals of pink potash feldspar and quartz.  148 99% 99% 1 150(4.0-5.5) 100 25% Wash-out 
  6 100 100% 100% - 100(5.5-6.5) 140 25%   
    
Same as above mentioned core run. 
65 85% 85% - 80(6.5-7.3) 90 25%   
LB6 7 65 85% 85% - 80(6.5-7.3) 90 25%   
  8 
Hard to very hard, unweathered, light grey, widely 
spaced jointing, coarse grained younger granite, 
with big crystals of pink potash feldspar and quartz.  111 93% 93% 1 120(7.3-8.5) 90 25% 
  9               
  10 
Same as above mentioned core run. 
146 97% 97% - 150(8.5-10.0) 160 25% T
u
r
b
u
l
e
n
t
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Table (3.7) continue  
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LB8 4.00 115 100% 83% 6% 115(3.35-4.5) 135 25%   
    
Very hard, light grey, slightly weathered, medium fractured, 
granitic gneiss. 
                
  5 70 62% 47% 9% 70(4.5-5.2) 402 30% 
   
Hard, light grey, slightly weathered, medium fractured, granitic 
gneiss. 
              
  6.0 130 94% 85% 6% 130(5.2-6.5) 109 None 
    
Light grey, moderately weathered, medium fractured, granitic 
gneiss. 
              
  7 50 100% 100% 2% 50(6.5-7.0) 26 None 
    
Very hard, light grey, unweathered, coarse - grained, granitic 
gneiss. 
              
D
i
l
a
t
i
o
n
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Table (3.8) Geological description and final results of the Lugeon tests on Right Bank Bank 
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RB1 5.00 72 48% 10%   150(3.5-5.0) 40 5%   
   
Medium hard, light grey, moderately to highly 
weathered, gneiss coarse-grained, very highly 
fractured, foliated granitic gneiss.                 
 6 143 95% 54%   150(5.0-6.5) 42 5% 
  
Hard, light grey, coarse-grained, moderately 
weathered, coarse-grained, foliated, highly fractured 
granitic gneiss               
 7.0               
 8.0 
Hard, light grey, coarse-grained, moderately to 
slightly weathered, coarse-grained, foliated, highly 
fractured granitic gneiss 131 87% 46%   150(6.5-8.0) 62 5% 
RB2 4.8 150 100% 93% 7 150(3.5-5.0) 60 5% 
   
Meduim hard, light grey, moderately weathered, 
medium spaced, jointing coarse-grained, foliated, 
granitic gneiss.               
D
i
l
a
t
i
o
n
 
 6.0 110 84% 59%   130(5.0-6.3) 43 5% 
                 
   
Medium hard to soft, light grey, moderately 
weathered, zone of high concentration of mica, 
medium-grained, highly fractured, foliated, the 
foliation is controlled by the segragation of light and 
dark materials, grantic gneiss. 
              
 7.0               
                 
 8 
Medium hard , light grey, moderately weathered, 
foliated relatively highly fractured, the fracturs are 
controlled by the foliation medium-grained, grantic 
gneiss. 84 56% 40%   150(6.3-7.8) 104 5% 
D
i
l
a
t
i
o
n
 
RB2 11.0 150 100% 83% 5 150(9.5-11.) 75 5%   
   
Hard, light grey, slightly weathered, widely spaced 
jointing, coarse-grained, foliated, granitic gneiss.                  
 12 150 100% 70% 8 150(11-12.5) 71 5% 
   
Hard, light grey, slightly weathered, medium spaced 
jointed, coarse-grained, foliated, granitic gneiss                
 13 144 96% 79% 9 150(12.5-14) 55 30% 
 14 
Same as above mentioned core run. 
              T
u
r
b
u
l
e
n
t
 
RQ1B1 4 150 100% 100% 3 150(2.5-4.0) 68 5% 
 
 
   
Hard to very hard, light grey, slightly weathered, 
widely spaced, coarse - grained, grainte, (younger 
granite).               
 
 
 5 150 100% 30%   150(4.0-5.5) 85 5% 
                 
   
Soft to medium hard, pinkish brown, moderately 
weathered, highly fractured zone, due to presence of 
pocket with high concenteration  of mica, coarse - 
grained, grainte.                
V
o
i
d
 
f
i
l
l
i
n
g
 
 6 Very hard, light grey, slightly weathered, medium spaced jointing, coarse - grained, granite. 35 100% 80% 11 35(5.5-5.85) 33 5%   
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Table (3.8) continue 
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RQ1B1 9.00 50 100% 90% 4 50(8.5-9.0) 20 5%   
    
Very hard, light grey,unweathered,widely spaced 
jointing,medium grained, granite.                 
  10 145 96% 83%   150(9.0-10.5) 79 5% 
   
Very hard, light grey, unweathered, very widely spaced 
jointing, coarse -  grained, granite, (younger granite).               
  11.0               
  12.0 
Same as above mentioned core run. 
145 96% 96%   150(10.5-12) 84 5% 
V
o
i
d
 
f
i
l
l
i
n
g
 
RQ1B2 4 130 93% 68% 5% 140(2.5-3.9) 90 5%   
    
Medium hard to hard, light grey, highly weathered, 
coarse - grained, widely spaced jointing granite, 
(younger granite).                  
  5.0 148 93% 93% 1% 160(3.9-5.5) 174 5% 
    
Very hard, light grey, unweathered, widely spaced 
jointing, coarse - grained, granite, (younger granite).  
              D
i
l
a
t
i
o
n
 
  6.0 100 100% 100% 2% 100(5.5-6.5) 100 5%   
    
Same as above mentioned core run. 
                
RQ1B2 7.0 148 97% 97%   150(6.5-8.0) 105 50% 
  8 
Same as above mentioned core run. 
              
  9 83 83% 65% 4% 100(8.0-9.0) 45 50% 
    
Same as above mentioned core run. 
              
T
u
r
b
u
l
e
n
t
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3.6 Laboratory Testing 
Laboratory testing was conducted to evaluate the geotechnical and field 
tests. 
The laboratory tests performed included the following:  
• Liquid and Plastic Limit Tests (Atterberge Limits ) 
• Grain Size Distribution 
•  Permeability Test (Falling Head Method) 
3.6.1 Liquid and Plastic Limit Tests (Atterberge Limits) 
 3.6.1.1 The Liquid limit Test  
The determination of the liquid limit value for all samples was carried out 
according to the cone penetration method in (BS 1377: Part 2:1990 CL 4.3.). 
The tested samples were air dried and sieved through a BS No 40 (0.425 
µm).After sieving the sample (about 300g) was mixed with distilled water 
using two palette knives for at least 10 minutes to make a homogenous 
paste. A portion of paste pushed into the cup, the penetration of the cone in 
(mm) was recorded from the dial gauge reading, and the corresponding 
moisture content of the sample then obtained. The relationship between the 
moisture content and the penetration was plotted as the best straight line 
fitting the plotted points. The liquid limit (LL) is equal to the moisture 
content as a percent corresponding to a cone penetration of 20 mm. The 
results are shown in Table 3.10.  
3.6.1.2 The Plastic Limit Test 
The plastic limit is taken as the moisture content at which a sample of soil 
begins to crumble when rolled into a thread (about 3 mm or 1/8 inch dia.) 
under the palm of the hand. The method of testing is specified in (BS 1377: 
Part 2:1990 CL 5.3.) An air dried sample of soil (passing sieve No 40 BS 
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sieves) was taken and rolled with the palm of the hand on a glass Plate into a 
thread of about 3mm in diameter. The moisture content of the crumbled 
sample is then determined and the average moisture content of two samples 
is taken as the plastic limit, The plasticity index is calculated as the 
difference between liquid and plastic limits, the values of the plastic limit  
and plasticity index for all samples are summarized in Table 3.9. 
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Table (3.9) LL%, PL%,PI% Results 
B.H. No. Depth (m) LL% PL% PI% 
BHS2 
 
1.655 42 18 24 
 BZ5 
 
2.0 42 20 22 
 BE2 
 
1.85 40 15 25 
BZ4 
 
1.97 41 19 22 
BTER5 
 
2.12 42 15 27 
BTER1 
 
1.93 44 21 23 
BZ1 
 
2.2 50 22 28 
BHOT 
 
2.54 52 21 31 
BCAR2 
 
1.45 39 16 23 
BCAR4 
 
1.17 38 13 25 
BC2 
 
2.13 45 18 27 
BE1 
 
1.85 41 18 23 
BX2 
 
2.06 37 26 11 
BGAS1 
 
1.24 35 9 26 
BA1 
 
0.77 27 13 14 
BADM1 
 
1.95 47 35 12 
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3.6.2 Grain Size Distribution 
The determination of the grain size distribution value for all samples was 
carried out in (BS 1377: Part 2:1990 CL 9, and U.S. Army Engineer 
Laboratory Soils Testing 1970) 
3.6.2.1 Description 
A sieve analysis consists of passing a sample through a set of sieves and 
weighing the amount of material retained on each sieve, sieves are 
constructed of wire screens with square openings of standard sizes. The 
sieve analysis is performed on material retained on a BS No.200 sieve. The 
sieve analysis, in itself, is applicable to soils containing small amounts of 
material passing the BS No.200 sieve provided the grain-size distribution of 
that portion of the sample passing the No.200 BS sieve is not of interest. 
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Table (3.10) Final Results of Grain Size Distribution 
Grain size% BH Depth(m) Clay & silt Sand Gravel 
BHS2 1.655 48 31 21 
BZ5 2 38.8 40.4 20.8 
BE2 1.85 35.4 55.9 8.7 
BZ4 1.97 44.7 48.3 7 
BTER5 2.12 43.3 40.9 15.8 
BTER1 1.93 26.1 32.4 41.5 
BZ1 2.2 43.9 27.4 28.7 
BHOT 2.54 49.6 45.6 4.8 
BCAR2 1.45 35.2 35.1 29.7 
BCAR4 1.17 29.3 19.1 51.6 
BC2 2.13 33.6 26.5 39.9 
BE1 1.85 26.3 27.4 46.3 
BX2 2.06 17 28 55 
BGAS1 1.24 23.5 43.6 32.9 
BA1 0.77 12.5 16.6 70.9 
BHS2 1.95 26.8 19.5 53.7 
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Table 3.11: Classification of Soil 
BH Depth(m) USCS 
BHS2 1.655 SC 
BZ5 2 SC 
BE2 1.85 SC 
BZ4 1.97 SC 
BTER5 2.12 SC 
BTER1 1.93 GC 
BZ1 2.2 GC 
BHOT 2.54 CH 
BCAR2 1.45 SC 
BCAR4 1.17 GC 
BC2 2.13 GC 
BE1 1.85 GC 
BX2 2.06 GC 
BGAS1 1.24 SC 
BA1 0.77 GC 
BADM1 1.95 GC 
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3.6.3 Permeability tests (Falling Head Method) 
        The determination of the coefficient of permeability value for all 
samples was carried out in ( U.S. Army Engineer Laboratory Soils Testing 
1970) 
3.6.3.1 Objective  
        To determine the coefficient of permeability of the given soil sample, 
using falling head method. 
 3.6.3.2 Planning and Organization 
          The tools and accessories needed for the test are: 
1. Permeameter with its accessories. 
2.De-aired water. 
3. Balance weighing up to 0.1 gm  
4. Balance weighing up to 0.01 gm. 
5. BS sieves 4.75 mm. 
6. Mixing pan.  
7. Stop watch. 
9. Meter scale. 
10.Thermometer. 
11. Container for water. 
12. Trimming knife. 
3.6.3.3 Knowledge of Equipment 
1. The permeameter is made of non-corrodible material with a capacity of 
1000 ml, with an internal diameter of 100mm and effective height of 
120mm. 
2. The mould has a detachable base Plate and a removable exterior collar.  
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3. The compacting equipment has a circular face with 50 mm diameter and a 
length of 310 mm with a weight of 2.5 kg. 
4. The drainage base is a porous disc, 12 mm thick with a permeability 10 
times that of soil. 
5. The stand pipe arrangements are done on a board with 3 glass pipes of 
equal diameters. 
3.6.3.4 Preparation of Dynamically Compacted Disturbed 
Sample  
1. 3000 gm of representative soil was mixed with water up to O.M.C and 
kept in an airtight container for 24 hours. 
2. The permeameter mould was weighed to the nearest 1 gram and 
assembled for dynamic compaction. The inside of the mould was greased 
and placed upside down on the dynamic compaction base .The 3 cm collar 
was put to the other end. 
3. The wet soil was compacted in 3 layers with 27 blows/layer with the 2.5 
kg dynamic hammer .The collar was removed and the soil was trimmed off. 
The mould with the soil was weighed. 
4. The mould with the soil was put on the permeameter assembly (see Plate 
2.8). 
5. The specimen was ready for test. 
3.6.3.5 Experimental Procedure 
1. The soil specimen was prepared as specified above. 
2. The soil was saturated with de-aired water. 
3. Inlet nozzle of the mould was connected to the stand pipe (see Plate 2.8). 
4. The initial head of water was recorded (h1). 
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5. Water was allowed to flow by opening the valve from the feeding tank at 
a time (t1). 
6. After a suitable period of time, the final head of water was recorded (h2) at 
a time (t2). 
Therefore the coefficient of permeability was determined as the following  
                     )
2
1ln(*
h
h
At
aLk =  
k = Coefficient of permeability  
a = Area of stand pipe  
A = Cross sectional area of soil specimen       
L = Length of soil specimen                            
h1 = Initial reading of stand pipe                       
h2 = Final reading of stand pipe                        
t = Time of flow   
The MDD, OMC%, and the coefficient of permeability of sixteen tests in 
KNIA are presented in Table 3.12.                                                          
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Table (3.12) Final Results of Laboratory Permeability 
BH No. Depth(m) MDD (g/cm3) 
OMC % 
 k (cm/sec) 
BHS2 1.655 1.886 12.8 1.00E-09 
BZ5 2 1.925 12.6 2.19E-09 
BE2 1.85 2.066 11.90 5.69E-08 
BZ4 1.97 1.889 11.29 1.00E-09 
BTER5 2.12 1.962 11.465 1.00E-09 
BTER1 1.93 1.963 11.788 3.32E-07 
BZ1 2.2 1.938 12.6 2.25E-07 
BHOT 2.54 1.835 15 1.00E-09 
BCAR2 1.45 1.915 13.25 6.31E-07 
BCAR4 1.17 1.975 12.187 1.96E-08 
BC2 2.13 2.11 10.1 2.54E-07 
BE1 1.85 1.915 13.25 1.17E-06 
BX2 2.06 2.12 9.3 4.08E-05 
BGAS1 1.24 2.12 9.6 1.35E-06 
BA1 0.77 2.0 13.50 1.61E-06 
BHS2 1.95 1.886 12.8 8.05E-08 
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CHAPTER 4 
                       CORRELATION AND DISCUSSION 
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4.1 Introduction 
This section of the study discusses the results of the field and laboratory tests 
presented in Chapter Three. The main objective is to find correlation 
between field permeability and laboratory permeability values or other 
properties of soil or rock. The properties investigated are Atterberg limits, 
particle size distribution, rock quality designation (RQD), core recovery (CR 
%), and water loss during drilling. The test procedure and results were 
presented in Chapter Three 
4.2 Correlation of Field Permeability and Physical properties 
All soil and rock properties recorded in Tables 4.1, 4.2, 4.3 and 4.4 were 
correlated with the field permeability (Kf). 
Table 4.1 summarizes the results of the field permeability values and 
plasticity index (PI), gravel contents, and the %passing No.200, which 
carried out to assess whether field permeability values could be estimated 
from these parameter. 
Plasticity Index describing the range of water content over which a soil was 
plastic. The increase of %passing indicated that the fine contents increases in 
the material. 
Field permeability (Kf) is plotted against plasticity index (PI) for all samples. 
Very strong linear relation is found (Fig. 4.1). Generally, the field 
permeability increases with the decrease of the plasticity index (R2=0.895). 
Good relationship is found for (Kf) vs. gravel contents & the %passing 
No.200 (R2 = 0.63 and 0.7 respectively). Fig.4.2 shows that the higher the 
field permeability is the higher the gravel contents, while Fig.4.3 indicators 
that the field permeability decreases with the increase of the %passing 
No.200. 
 
 
 
 113
High silt and clay content can cause soil malleability and low permeability 
during steam extraction.  
 Poor relationship exists between Kf vs. the rock quality designation percent 
(RQD %) (R2 = 0.37 for nonlinear relationship and 0.38 for linear 
relationship, Fig 4.4). This implies that the higher the RQD is the lower the 
Kf. 
The (RQD) value is a modified computation of percent rock core recovery 
that reflects the relative frequency of discontinuities, the compressibility of 
the rock mass and may indirectly be utilized as a measure of permeability. 
High fracture may cause continuous voids and the rock becomes high 
permeable, small fracture indictor that the quality of rock is high and rock 
washing may not be effective. 
Figure 4.5 shows the relationship between the field permeability values and 
the percent core recovery (CR %) for different borehole tested in this study. 
The core recovery was measured on the field immediately after drilling 
boreholes. No meaningful correlation among the field permeability and the 
core recovery was observed (R2=0.0164). 
Figure 4.6 shows the relationship between the field permeability values and 
the water loss percent for different borehole tested in this study. The water 
loss percent was measured on the field during drilling boreholes. No 
meaningful correlation among the field permeability and the water loss  was 
observed (R2=0.0005). 
This can be explained in terms of high water loss may indicate that there is a 
void, but we can not sure if it's continuous or not, and the high water loss 
may causes to filling discontinuous void. Some time the water loss is very 
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low and permeability is high, this indicates that the material may wash-out 
after finishing drilling.    
Table 4.1Correlation of Field Permeability and some Physical properties 
B.H No. Gravel% %passing No.200 Sand% PI% kf 
BX2 65 12 23 11 0.000224451 
BADM1 60 17 23 12 0.000158953 
BA1 55 12.5 32.5 14 0.000133569 
BZ4 15 44.7 40.3 22 4.13858E-05 
BZ5 20.8 38.8 40.4 22 3.68248E-05 
BTER1 41.5 26.1 32.4 23 3.28993E-05 
BE1 36 33 31 23 1.83313E-05 
BCAR2 29.7 35.2 35.1 23 1.82693E-05 
BHS2 21 48 31 24 1.81595E-05 
BE2 8.7 35.4 55.9 25 1.38862E-05 
BCAR4 36 32 32 25 1.36901E-05 
BC2 35 33.6 31.4 27 5.22663E-06 
BGAS1 32.9 39 28.1 26 3.22863E-06 
BTER5 15.8 43.3 40.9 27 2.2203E-06 
BZ1 28.7 43.9 27.4 28 1.82167E-06 
BHOT 4.8 49.6 45.6 31 6.07699E-07 
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Table 4.2 Correlation of Field Permeability core recovery 
BH CR% kf 
RB16 15 0.00130166 
RB25(S)2 24 0.00029891 
RB10 28 2.42E-05 
LB17 40 0.00100444 
RBS11 47 0.00018698 
RB29 48 0.00019816 
LB19 48 0.00059252 
LB25 50 0.0014992 
RB32 57 0.00136639 
RB33 57 0.00014947 
RB23 58 0.00298898 
LB2 60 0.00104536 
RB25(S)1 70 0.00170818 
RB31 71 0.00012688 
LB12 80 0.00088497 
LB18 89 0.0001257 
LB2(2) 93 0.00041697 
RB2(S)1 96 0.00271328 
RB26 100 0.00089661 
RB27 100 0.00054676 
LB5 100 0.00016645 
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Table4.3 Correlation of Field Permeability and Rock Quality 
 Designation 
BH RQD% kf 
RB32 16 0.001366 
RB33 17 0.00341 
RB27 20 0.000547 
RB23 22 0.002989 
LB25 23 0.00264 
RB25(S)1(2) 24 1.71E-03 
RB31 34 0.000127 
RB25(S)1 45 0.001045 
LB18 54 0.000915 
RB26 70 0.000897 
LB2 75 0.000417 
LB5 100 0.000166 
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Table4.4 Correlation of Field  
Permeability and Water Loss%               Table 4.4 continue 
              
 
 
 
 
 
Table 
4.4 
conti
nue 
BH Water loss% kf 
RB12 10 0.001223 
RB14 10 8.26E-06 
RB15 10 0.000231 
RB16 10 0.001302 
RB16 10 0.000177 
RB20 10 0.000605 
RB21 10 0.000663 
RB21 10 0.000672 
RB22 10 2.67E-05 
RB28 10 0.00033 
LB25 10 0.00264 
LB2 10 0.001045 
LB13 10 0.000173 
LB33 10 7.35E-05 
LBS1 10 7.33E-05 
LBS4 10 0.00137 
LB21 15 0 
LB2(2) 15 0.000417 
RB11 15 0.001243 
RB29 15 0.000198 
RB9 20 0.004474 
RB13 20 2.84E-05 
RB25(S)1(2) 20 0.001708 
RB25(S)1 20 0.000299 
RB26 20 0.000152 
RB26 20 0.000897 
RB27 20 0.000547 
BH Water loss% Kf 
LB24 5 0.014237 
LBS5 5 0.00223764 
RB30 5 0.00131267 
RB5 5 0.00122005 
RB7 5 0.00077535 
LB24 5 0.00034514 
LBS2 5 0.00034341 
RBS10 5 0.0002468 
LB22 5 0.00075256 
RBS2 5 0.00072335 
RB7 5 0.00059318 
RB9 5 0.00021622 
LB5 5 0.00016645 
RB33 5 0.00341 
LB7 5 0.00014018 
LB10.0 5 0.00013827 
LB34 5 3.229E-05 
LB7(2) 5 2.559E-05 
RBS7 5 1.9509E-05 
LB23 5 1.943E-05 
RBS12 5 1.1917E-05 
LB26 5 0 
LBS2 5 1.1666E-10 
RB10 10 2.415E-05 
RBS3 10 3.6047E-05 
RBS5 10 8.9684E-05 
RBS6 10 0.00026519 
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BH Water loss% kf 
LB27 20 0.001557 
LB28 20 2.58E-05 
LB29 20 0.000148 
LB30 20 0 
LB12 25 0.000885 
LB19 25 0.000685 
RBS4 25 0 
RBS8 25 0.008852 
RB6 25 0.001644 
RB17 25 9.02E-05 
RB31 25 0.000127 
LB19(2) 30 0.000593 
LB21 30 0.001486 
RB31 30 1.68E-05 
RB19 30 0.000839 
LB16 50 0.000154 
LB17 50 0.001073 
LB17 50 0.001004 
RB23 50 0.002989 
RBS9 75 0.001151 
RB18 75 1.2E-05 
RB13 80 2.83E-06 
RB6 100 0.001221 
LB18 100 0.000915 
RB12 100 0.000116 
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      Fig 4.1 Field permeability vs. plasticity index. 
 
 
 
 
 
 
 
 
 
 
          Fig 4.2 Field permeability vs.  Gravel contents. 
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       Fig 4.3 Field permeability vs. Fines contents. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         Fig 4.4  Field permeability vs. RQD percent. 
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       Fig 4.5 Field permeability vs. CR percent. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        Fig 4.6 Field permeability vs. Water loss percent. 
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4.3 Correlation of Laboratory and Field Permeability Values. 
All laboratory permeability test samples were compacted in a standard 
compaction test to approximately 98 percent of maximum theoretical 
density. Table 4.5 summarizes the field and laboratory permeability values. 
Figure 4.7 illustrates the comparison of these measured permeability values. 
A large variation between the permeability values measured in the field and 
those in the laboratory was observed. These results show that there was a 
significant difference between the field and laboratory permeability values. 
The field permeability values are always much higher than the laboratory 
permeability values. This higher field permeability can be explained in terms 
of water flow in the field. Unlike laboratory tests, the flow in the in-situ is 
not confined to one-dimensional flow. Water can flow in any direction 
(vertical and/or horizontal). Likewise the laboratory specimens did not 
contain a representative proportion of joints and fissures in the soil or rocky 
materials tested.. Laboratory permeability tested materials are disturbed, and 
a specimen represents only a limited portion of the investigated material. 
Therefore, it would be expected that the field permeability values should be 
higher than the laboratory permeability values since both are estimated 
based on the falling head permeability test principles.  
During some field tests in this study, water was observed to come up 
through the layers a few centimetres away from the borehole. This could be 
due to the horizontal flow of water in the underlying layers.  
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Figure 4.8 shows the relationship between the field permeability and the 
laboratory permeability values for different borehole tested in this study.  No 
meaningful correlation among the field permeability and the laboratory 
permeability values was observed. 
The correlation between the laboratory permeability (KL), and the ratio 
Kf/KL shown in Fig.4.9.The laboratory permeability has very good power 
relationship with the ratio Kf/KL (R2=0.75). Generally, the ratio Kf/KL 
decreases with the increase of the laboratory permeability. 
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Table 4.5 Correlation of Field and Laboratory Permeability Values 
BH 
Field 
permeability 
k(cm/s) 
Lab. 
Permeability 
K (cm/s) 
kf /kL 
ratio 
BHS2 1.82E-05 1.00E-09 1.82E+04 
BZ5 3.68248E-05 2.19E-09 1.68E+04 
BE2 1.38862E-05 5.69E-08 2.44E+02 
BZ4 6.12418E-05 1.00E-09 4.14E+04 
BTER5 2.2203E-06 1.00E-09 2.22E+03 
BTER1 3.28993E-05 3.32E-07 9.90E+01 
BZ1 1.82167E-06 2.25E-07 8.08E+00 
BHOT 6.07699E-07 1.00E-09 6.08E+02 
BCAR2 1.82693E-05 6.31E-07 2.90E+01 
BCAR4 1.36901E-05 1.96E-08 6.99E+02 
BC2 5.22663E-06 2.54E-07 2.05E+01 
BE1 1.83E-05 1.17E-06 1.57E+01 
BX2 0.000492286 4.08E-05 5.50E+00 
BGAS1 3.22863E-06 1.35E-06 2.39E+00 
BA1 0.000133569 1.61E-06 8.29E+01 
BADM1 0.000158953 8.05E-08 1.97E+03 
Impermeable =1.0E-9 
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            Fig 4.7 comparison between Field and laboratory permeability  
 
 
 
 
 
 
 
 
 
 
 
   
             Fig 4.8 Field vs. Laboratory permeability 
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             Fig. 4.9 KL vs. Kf/kL 
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4.4 Conclusions  
The physical parameters may be used to estimate the field permeability. The 
plasticity index, gravel content, fines content (%pass No 200 BS sieve), 
Rock Quality Designation (RQD) and laboratory permeability (KL). 
 
The relationships are given in the following equations: 
Kf = -0.1106 PI + 2.9616………………… ( R2 = 0.9305)              (4.1) 
Kf = 0.0261Gravel contents% - 0.4071.….. (R2 = 0.6382)               (4.2) 
Kf = -0.0412 Fines contents% + 1.8186…. (R2 = 0.7202)               (4.3) 
Kf = -2E-05 RQD + 0.0024……………… (R2 = 0.38)                  (4.4) 
Kf/KL= 4.1121KL-0.8045     ……………….. ( R2 = 0.75)                    (4.5) 
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CHAPTER 5 
CONCLUSIONS AND RECOMMENDATIONS 
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5.1 CONCLUSIONS 
The following conclusions can be drawn as an outcome of this study:  
1. There is a significant difference between the permeability values obtained 
from the laboratory tests and the field tests using the same principles of 
measurement. The field permeability values are considerably higher than the 
Laboratory permeability values. 
2. There is a good correlation between the laboratory permeability and the 
field permeability at both sites. The ratio of field permeability to laboratory 
permeability is found to be approximately (4.11kL-0.8). 
3. There is a good correlation between the field permeability values and PI, 
Gravel contents, and fine contents. 
Generally, the field permeability increases with the decrease of the plasticity 
index and the increase of gravel contents, while field permeability decreases 
with the increase of the pass No.200 contents. 
4. Statistical relations were deducted in this study to calculate the value of 
field permeability from the kf/kL ratio, plasticity index (PI), Gravel contents, 
and or fine contents. 
5. From results it can be seen that the field tests are reliable because the 
coefficient of permeability determined from laboratory tests on small soil 
specimens may not be representative of the overall field conditions. 
6. As density has a highly significant influence on permeability, it is appears 
that field density test must make first to determine the relative compaction 
and then compacted sample in the laboratory to simulate that in the field. 
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5.2 Suggestion for further studies 
1. In view of the wide differences in permeability between the 
laboratory and field, it is recommended that a further study be 
conducted to determine permeability and correlate with laboratory 
values using undisturbed sample. 
2. To determine correlation between lugeon units and any other 
parameter.  
3. It is recommended that a second research study be conducted to 
quantify the permeability characteristic of aggregate base, 
including dense-graded aggregates, and drainage blankets. 
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Appendix (A1) 
Falling Head Test 
Merowe Irrigation Project 
                          Left Bank 
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Falling head Test Results 
       
         
 Date:      B.H.No.: LB2  
 Elevation: 254 m    Test depth: 9.0 m  
 Coordinates:  X: 400161 Y: 2054921 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 120       
 20s 150 180.0 0.007551541   
 30s 176 156.0 0.006763473   
 40s 199 138.0 0.006163401   
 50s 215 96.0 0.004392871   
 1 230 90.0 0.004200406   
 2 300 70.0 0.003458398   
 3 345 45.0 0.002411008   
 4 375 30.0 0.001701204   
 5 400 25.0 0.001481255   
 10 430 6.0 0.000372243   
 15 470 8.0 0.000528025   
 20 495 5.0 0.000350655   
 25 505 2.0 0.000145148   
 30 511 1.2 8.85028E-05   
 40 519 0.8 5.98541E-05   
 50 530 1.1 8.39455E-05   
 60 540 1.0 7.80368E-05   
 75         
 90         
 110         
 130         
         
     Average k= 0.000416974   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date:      B.H.No.: LB2  
 Elevation: 294 m    Test depth: 6.0 m  
 Coordinates:  X: 400161 Y: 2054921 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 110       
 20s 170 360.0 0.023348884   
 30s 225 330.0 0.023853257   
 40s 264 234.0 0.01865214   
 50s 290 156.0 0.013386181   
 1 325 210.0 0.019426893   
 2 409 84.0 0.009202157   
 3 450 41.0 0.005510434   
 4 464 14.0 0.002091114   
 5 470 6.0 0.000934448   
 10 505 7.0 0.001198007   
 15 518 2.6 0.000500691   
 20 555 7.4 0.001649352   
 25 566 2.2 0.000572545   
 30 584 3.6 0.00104684   
 40 613 2.9 0.001043875   
 50 627 1.4 0.000636628   
 60 634 0.7 0.000365777   
 75         
 90         
 110         
 130         
         
     Average k= 0.001045357   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
)(
)(ln*
)(11
.D
2
1
12 H
H
tt
k −
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Falling head Test Result 
       
         
 Date: 11/12/2004     B.H.No.: LB5  
 Elevation: 289 m    Test depth: 16.5 m  
 Coordinates:  X: 386743 Y: 2050135 Inner dia:  5.5 cm  
 Upper Tube Length:  80 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 8       
 20s 10 12.0 0.000253009   
 30s 12 12.0 0.000253303   
 40s 16 24.0 0.000507493   
 50s 20 24.0 0.000508678   
 1 23 18.0 0.00038229   
 2 42 19.0 0.000406148   
 3 61 19.0 0.000410745   
 4 74 13.0 0.000283739   
 5 82 8.0 0.000175718   
 10 125 8.6 0.000191869   
 15 159 6.8 0.000155386   
 20 188 5.8 0.000135216   
 25 220 6.4 0.000152187   
 30 255 7.0 0.000170192   
 40 328 7.3 0.00018418   
 50 391 6.3 0.00016683   
 60 470 7.9 0.000220658   
 75         
 90         
 110         
 130         
         
     Average k= 0.000166447   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
)(
)(ln*
)(11
.D
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H
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Falling head Test Result 
       
         
 Date: 15/09/2004     B.H.No.: LB7  
 Elevation:  m    Test depth: 4.0 m  
 Coordinates:  X: 383820 Y: 2045260 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 100       
 20s 110 60.0 0.005512048   
 30s 111 6.0 0.000558959   
 40s 112 6.0 0.000560397   
 50s 113 6.0 0.000561844   
 1 114 6.0 0.000563297   
 2 117 3.0 0.000283115   
 3 120 3.0 0.000285341   
 4 121 1.0 9.56146E-05   
 5 131 10.0 0.000970264   
 9 138 1.8 0.00017374   
 15 145 1.2 0.000118088   
 24 152 0.8 8.02935E-05   
 36 167 1.3 0.000133229   
 48 182 1.3 0.000139371   
 60 196 1.2 0.000136143   
 72 210 1.2 0.000142563   
 84 224 1.2 0.000149618   
           
           
           
           
         
     Average k= 0.000140185   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 15/09/2004     B.H.No.: LB7  
 Elevation:  m    Test depth: 10.0 m  
 Coordinates:  X: 383820 Y: 2045260 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 60       
 20s 72 72.0 0.002526693   
 30s 74 12.0 0.000423981   
 40s 82 48.0 0.00170423   
 50s 90 48.0 0.001717676   
 1 95 30.0 0.00108047   
 2 114 19.0 0.000692566   
 3 128 14.0 0.000518906   
 4 134 6.0 0.00022468   
 5 139 5.0 0.000188302   
 9 147 2.0 7.58327E-05   
 15 151 0.7 2.54369E-05   
 24 157 0.7 2.55714E-05   
 36 165 0.7 2.57621E-05   
 48 170 0.4 1.62135E-05   
 60 173 0.3 9.76999E-06   
 72 174 0.1 3.26369E-06   
 84 176 0.2 6.53797E-06   
           
           
           
           
         
     Average k= 2.55901E-05   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
 
 
)(
)(ln*
)(11
.D
2
1
12 H
H
tt
k −
Π=
 
 
 
 142
Falling head Test Result 
       
         
 Date: 12/12/2004     B.H.No.: LB9  
 Elevation: 283 m    Test depth: 9.0 m  
 Coordinates:  X: 376950 Y: 2032353 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 2       
 20s 3 6.0 0.00021826   
 30s 10 42.0 0.001533977   
 40s 13 18.0 0.000660742   
 50s 15 12.0 0.000441611   
 1 16 6.0 0.000221142   
 2 24 8.0 0.000296212   
 3 32 8.0 0.00029865   
 4 38 6.0 0.000225611   
 5 42 4.0 0.000151191   
 10 60 3.6 0.000137653   
 15 70 2.0 7.76172E-05   
 20 77 1.4 5.48303E-05   
 25 83 1.2 4.73294E-05   
 30 87 0.8 3.17253E-05   
 40 92 0.5 1.99263E-05   
 50 96 0.4 1.60202E-05   
 60 98 0.2 8.03671E-06   
 75         
 90         
 110         
 130         
         
     Average k= 0.000273491   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 12/12/2004     B.H.No.: LB10  
 Elevation: 289 m    Test depth: 9.0 m  
 Coordinates:  X: 377175 Y: 2027026 Inner dia:  5.5 cm  
 Upper Tube Length:  90 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 5       
 20s 7 12.0 0.000442509   
 30s 12 30.0 0.001110223   
 40s 15 18.0 0.000668862   
 50s 17 12.0 0.000447052   
 1 18 6.0 0.000223871   
 2 32 14.0 0.000526434   
 3 42 10.0 0.000380756   
 4 51 9.0 0.00034613   
 5 58 7.0 0.000271514   
 10 90 6.4 0.00025355   
 15 109 3.8 0.000154847   
 20 126 3.4 0.000141404   
 25 140 2.8 0.000118556   
 30 151 2.2 9.4529E-05   
 40 168 1.7 7.4278E-05   
 50 181 1.3 5.78448E-05   
 60 191 1.0 4.51321E-05   
 75         
 90         
 110         
 130         
         
     Average k= 0.000138269   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 14/12/2004     B.H.No.: LB11  
 Elevation:  m    Test depth: 10.0 m  
 Coordinates:  X: 375007 Y: 2021817 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 1       
 20s 1.11 0.7 2.17923E-05   
 30s 1.19 0.5 1.58503E-05   
 40s 1.32 0.8 2.57593E-05   
 50s 1.44 0.7 2.37805E-05   
 1 1.49 0.3 9.9093E-06   
 2 1.54 0.1 1.65163E-06   
 3 1.57 0.0 9.91011E-07   
 4 1.61 0.0 1.32139E-06   
 5 1.65 0.0 1.32144E-06   
 10 1.78 0.0 8.59002E-07   
 15 1.85 0.0 4.62581E-07   
 20 2 0.0 9.91345E-07   
 25 2.9 0.2 5.95092E-06   
 30 2.25 -0.1 -4.29837E-06   
 40 2.39 0.0 4.62794E-07   
 50 2.51 0.0 3.96728E-07   
 60 2.64 0.0 4.29837E-07   
 75 2.77       
 90 3       
 110 3.45       
 130 3.87       
         
     Average k= 2.46828E-06   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 19/09/2004     B.H.No.: LB12  
 Elevation:  m    Test depth: 10.0 m  
 Coordinates:  X: 363636 Y: 2011250 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 54       
 20s 83 174.0 0.006121309   
 30s 100 102.0 0.003670035   
 40s 123 138.0 0.005065912   
 50s 140 102.0 0.003821619   
 1 158 108.0 0.004120898   
 2 188 30.0 0.001174397   
 3 219 31.0 0.001254846   
 4 260 41.0 0.001729222   
 5 328 68.0 0.003063144   
 10 428 20.0 0.001006756   
 15 503 15.0 0.000858819   
 20 570 13.4 0.000863891   
 25 626 11.2 0.000810403   
 30 698 14.4 0.001195652   
 40 790 9.2 0.000942992   
 50 895 10.5 0.00150064   
 60 943 4.8 0.000967973   
 75         
 90         
 110         
 130         
         
     Average k= 0.000884967   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 20/09/2004     B.H.No.: LB13  
 Elevation: 278  m    Test depth: 5.0 m  
 Coordinates:  X: 358278 Y: 1994954 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 0       
 20s 0 0.0 0   
 30s 0 0.0 0   
 40s 1 6.0 0.00036316   
 50s 2 6.0 0.000363767   
 1 4 12.0 0.000729362   
 2 20 16.0 0.000987427   
 3 28 8.0 0.000503976   
 4 36 8.0 0.000511075   
 5 48 12.0 0.000780368   
 10 64 3.2 0.000213461   
 15 77 2.6 0.000178182   
 20 86 1.8 0.000125971   
 25 92 1.2 8.5212E-05   
 30 99 1.4 0.000100695   
 40 103 0.4 2.90869E-05   
 50 105 0.2 1.46314E-05   
 60 105 0.0 0   
 75         
 90         
 110         
 130         
         
     Average k= 0.000172538   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 20/09/2004     B.H.No.: LB16  
 Elevation: 286 m     Test depth: 8.0 m  
 Coordinates:  X: 351792 Y: 1985571 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 6       
 20s 55 294.0 0.012272369   
 30s 67 72.0 0.003113964   
 40s 77 60.0 0.002629432   
 50s 84 42.0 0.001859682   
 1 93 54.0 0.002414601   
 2 135 42.0 0.001939393   
 3 180 45.0 0.002199808   
 4 210 30.0 0.001544306   
 5 231 21.0 0.001121502   
 10 238 1.4 7.63343E-05   
 15 253 3.0 0.000166328   
 20 266 2.6 0.000147301   
 25 279 2.6 0.000150353   
 30 292 2.6 0.000153534   
 40 334 4.2 0.000259736   
 50 439 10.5 0.000744568   
 60 492 5.3 0.000443161   
 75         
 90         
 110         
 130         
         
     Average k= 0.000154379   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 22/09/2004     B.H.No.: LB17  
 Elevation: 280  m    Test depth: 6.0 m  
 Coordinates:  X: 340372 Y: 1992201 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 90       
 20s 152 372.0 0.023335416   
 30s 210 348.0 0.024355674   
 40s 236 156.0 0.011869965   
 50s 263 162.0 0.013052267   
 1 285 132.0 0.011245961   
 2 366 81.0 0.00787899   
 3 414 48.0 0.005629699   
 4 445 31.0 0.004162997   
 5 485 40.0 0.006191269   
 10 522 7.4 0.001370544   
 15 545 4.6 0.001004087   
 20 562 3.4 0.000843073   
 25 575 2.6 0.000718021   
 30 605 6.0 0.001991627   
 40 648 4.3 0.002186698   
 50 675 2.7 0.002657449   
 60         
 75         
 90         
 110         
 130         
         
     Average k= 0.001072568   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing       
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 22/09/2004     B.H.No.: LB17  
 Elevation: 280  m    Test depth: 12.0 m  
 Coordinates:  X: 340372 Y: 1992201 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 25       
 20s 47 132.0 0.003789427   
 30s 58 66.0 0.001919738   
 40s 66 48.0 0.001406882   
 50s 70 24.0 0.000706865   
 1 76 36.0 0.00106462   
 2 108 32.0 0.000961267   
 3 140 32.0 0.000987427   
 4 165 25.0 0.00079057   
 5 215 50.0 0.001634768   
 10 276 12.2 0.000419923   
 15 336 12.0 0.00043819   
 20 372 7.2 0.000276204   
 25 403 6.2 0.000246568   
 30 458 11.0 0.000459202   
 40 532 7.4 0.000333793   
 50 703 17.1 0.000913938   
 60 813 11.0 0.000738969   
 75         
 90         
 110         
 130         
         
     Average k= 0.001004438   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing       
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 22/09/2004     B.H.No.: LB18  
 Elevation: 256 m    Test depth: 8.5 m  
 Coordinates:  X: 336306 Y: 1989271 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 3       
 20s 5 12.0 0.000460284   
 30s 9 24.0 0.000923498   
 40s 16 42.0 0.001625608   
 50s 17 6.0 0.000233224   
 1 20 18.0 0.000701174   
 2 30 10.0 0.000392282   
 3 38 8.0 0.000316908   
 4 47 9.0 0.000359861   
 5 66 19.0 0.000771634   
 10 90 4.8 0.00019975   
 15 113 4.6 0.000196729   
 20 142 5.8 0.000255901   
 25 150 1.6 7.2211E-05   
 30 183 6.6 0.000305707   
 40 237 5.4 0.000264905   
 50 275 3.8 0.000198732   
 60 297 2.2 0.000120235   
 75 321 1.6 9.05833E-05   
 90         
 110         
 130         
         
     Average k= 0.00021746   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 23/09/2004     B.H.No.: LB18  
 Elevation: 256  m    Test depth: 17.0 m  
 Coordinates:  X: 336306 Y: 1989271 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 65       
 20s 75 60.0 0.001258468   
 30s 95 120.0 0.002538971   
 40s 110 90.0 0.00192385   
 50s 120 60.0 0.001292077   
 1 132 72.0 0.001560683   
 2 175 43.0 0.000947692   
 3 210 35.0 0.000790078   
 4 242 32.0 0.000737727   
 5 265 23.0 0.000539662   
 10 340 15.0 0.000363539   
 15 405 13.0 0.000330505   
 20 450 9.0 0.00023796   
 25 493 8.6 0.000234915   
 30 542 9.8 0.000277305   
 40 585 4.3 0.000126198   
 50 637 5.2 0.000158718   
 60 673 3.6 0.000114095   
 75 727 3.6 0.000118777   
 90 775 3.2 0.00011071   
 110         
 130         
         
     Average k= 0.000915168   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
        
 Date: 23/09/2004     B.H.No.: LB19 
 Elevation: 275  m    Test depth: 5.0 m 
 Coordinates:  X: 327020 Y: 1984428 Inner dia:  5.5 cm 
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm 
        
        
        
        
 Time Falling (Reading) Rate of Flow K  
 (min) (cm) (cm/min) (cm/s)  
 10s 29      
 20s 35 36.0 0.00229982  
 30s 37 12.0 0.000772037  
 40s 46 54.0 0.003508453  
 50s 54 48.0 0.003166809  
 1 60 36.0 0.002405707  
 2 89 29.0 0.002002955  
 3 120 31.0 0.002270887  
 4 148 28.0 0.002180914  
 5 196 48.0 0.004073699  
 10 247 10.2 0.000979328  
 15 279 6.4 0.000689624  
 20 309 6.0 0.000712055  
 25 334 5.0 0.000651887  
 30 371 7.4 0.001086934  
 40 419 4.8 0.000853531  
 50 480 6.1 0.001491362  
 60        
 75        
 90        
 110        
 130        
        
     Average k= 0.000684522  
 
 
        
        
     (cm/s)   
        
        
 D= Dia. Of Casing     
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively. 
 
 
 
)(
)(ln*
)(11
.D
2
1
12 H
H
tt
k −
Π=
 
 
 
 153
Falling head Test Result 
       
         
 Date: 23/09/2004     B.H.No.: LB19  
 Elevation: 275  m    Test depth: 10.0 m  
 Coordinates:  X: 327020 Y: 1984428 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 48       
 20s 80 192.0 0.0067253   
 30s 107 162.0 0.005840674   
 40s 135 168.0 0.006227187   
 50s 148 78.0 0.002952873   
 1 165 102.0 0.003922886   
 2 247 82.0 0.003330556   
 3 303 56.0 0.002463977   
 4 353 50.0 0.002350933   
 5 392 39.0 0.00194568   
 10 528 27.2 0.001547986   
 15 622 18.8 0.001302862   
 20 692 14.0 0.001149122   
 25 747 11.0 0.001050828   
 30 788 8.2 0.000896002   
 40 848 6.0 0.000774969   
 50 890 4.2 0.000661567   
 60 920 3.0 0.000559347   
 75 957 2.5 0.000556652   
 90 980 1.5 0.000424187   
 110         
 130         
         
     Average k= 0.000592522   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 25/09/2004     B.H.No.: LB20  
 Elevation: 275  m    Test depth: 9.0 m  
 Coordinates:  X: 315692 Y: 1976168 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 41       
 20s 47 36.0 0.001366412   
 30s 50 18.0 0.000686436   
 40s 51 6.0 0.000229294   
 50s 57 36.0 0.001380856   
 1 58 6.0 0.000230997   
 2 62 4.0 0.000154408   
 3 73 11.0 0.00042804   
 4 80 7.0 0.000275042   
 5 90 10.0 0.000396569   
 10 127 7.4 0.000301237   
 15 161 6.8 0.000288289   
 20 218 11.4 0.000510583   
 25 250 6.4 0.000303215   
 30 285 7.0 0.000346824   
 40 319 3.4 0.000176785   
 50 349 3.0 0.000163477   
 60 387 3.8 0.000218239   
 75         
 90         
 110         
 130         
         
     Average k= 0.000186167   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 24/09/2004     B.H.No.: LB21  
 Elevation: 277  m    Test depth: 5.75 m  
 Coordinates:  X: 300658 Y: 1980820 Inner dia:  5.5 cm  
 Upper Tube Length:  75 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 3       
 20s 3 0.0 0   
 30s 4 6.0 0.000380952   
 40s 5 6.0 0.00038162   
 50s 5 0.0 0   
 1 5 0.0 0   
 2 5 0.0 0   
 3 5 0.0 0   
 4 5 0.0 0   
 5 5 0.0 0   
 10 5 0.0 0   
 15         
 20         
 25         
 30         
 40         
 50         
 60         
 75         
 90         
 110         
 130         
         
     Average k= 0   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 25/09/2004     B.H.No.: LB21  
 Elevation: 277  m    Test depth: 10.85 m  
 Coordinates:  X: 300658 Y: 1980820 Inner dia:  5.5 cm  
 Upper Tupe Length:  85 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 35       
 20s 60 150.0 0.005246381   
 30s 85 150.0 0.005375935   
 40s 107 132.0 0.004843187   
 50s 130 138.0 0.005181236   
 1 150 120.0 0.004607882   
 2 225 75.0 0.003033999   
 3 320 95.0 0.004247481   
 4 400 80.0 0.004008011   
 5 470 70.0 0.003911476   
 10 670 40.0 0.002854552   
 15 780 22.0 0.002234959   
 20 846 13.2 0.001769641   
 25 895 9.8 0.001665075   
 30 925 6.0 0.001247142   
 40 972 4.7 0.001261966   
 50 998 2.6 0.000948798   
 60 1020 2.2 0.001057804   
 75         
 90         
 110         
 130         
         
     Average k= 0.001485956   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 27/09/2004     B.H.No.: LB22  
 Elevation: 276  m    Test depth: 7.0 m  
 Coordinates:  X: 285011 Y: 1984786 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 32       
 20s 36 24.0 0.001307597   
 30s 38 12.0 0.000656756   
 40s 42 24.0 0.001319485   
 50s 45 18.0 0.000994888   
 1 48 18.0 0.000999455   
 2 57 9.0 0.000504366   
 3 70 13.0 0.000741132   
 4 84 14.0 0.000815444   
 5 97 13.0 0.000773966   
 10 155 11.6 0.000733925   
 15 205 10.0 0.000698341   
 20 245 8.0 0.000611489   
 25 281 7.2 0.000598181   
 30 307 5.2 0.000464902   
 40 323 1.6 0.000150819   
 50 352 2.9 0.000290441   
 60 380 2.8 0.00030437   
 75 408 1.9 0.000221505   
 90 443 2.3 0.000308858   
 110         
 130         
         
     Average k= 0.000752561   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 27/09/2004     B.H.No.: LB23  
 Elevation: 251 m    Test depth: 6.0 m  
 Coordinates:  X: 280136 Y: 1987736 Inner dia:  5.5 cm  
 Upper Tube Length:  85 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 10       
 20s 12 12.0 0.000739268   
 30s 15 18.0 0.00111363   
 40s 17 12.0 0.000745598   
 50s 20 18.0 0.001123206   
 1 24 24.0 0.001506679   
 2 41 17.0 0.001087054   
 3 57 16.0 0.001053743   
 4 70 13.0 0.000879287   
 5 80 10.0 0.000691177   
 10 100 4.0 0.00028463   
 15 102 0.4 2.90868E-05   
 20 103 0.2 1.45872E-05   
 25 104 0.2 1.46166E-05   
 30 104 0.0 0   
 40 105 0.1 7.32305E-06   
 50 106 0.1 7.33786E-06   
 60 106 0.0 0   
 75         
 90         
 110         
 130         
         
     Average k= 1.94302E-05   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 28/09/2004     B.H.No.: LB24  
 Elevation: 282 m    Test depth: 6.0 m  
 Coordinates:  X: 277859 Y: 1993010 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 21       
 20s 27 36.0 0.002267878   
 30s 36 54.0 0.003446736   
 40s 40 24.0 0.001549574   
 50s 47 42.0 0.002738581   
 1 53 36.0 0.002375088   
 2 88 35.0 0.002399363   
 3 119 31.0 0.00226631   
 4 144 25.0 0.00193673   
 5 165 21.0 0.001710755   
 10 219 10.8 0.00096191   
 15 239 4.0 0.000391315   
 20 256 3.4 0.000350058   
 25 272 3.2 0.000345644   
 30 287 3.0 0.00033971   
 40 312 2.5 0.000302052   
 50 335 2.3 0.000302008   
 60 353 1.8 0.000255239   
 75 374 1.4 0.00021494   
 90 385 0.7 0.000120703   
 110         
 130         
         
     Average k= 0.000345137   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
 
 
 
)(
)(ln*
)(11
.D
2
1
12 H
H
tt
k −
Π=
 
 
 
 160
Falling head Test Result 
       
         
 Date: 29/09/2004     B.H.No.: LB24  
 Elevation: 282 m     Test depth: 10.8 m  
 Coordinates:  X: 277859 Y: 1993010 Inner dia:  5.5 cm  
 Upper Tube Length:  80 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 190       
 20s 280 540.0 0.023210462   
 30s 360 480.0 0.022938489   
 40s 450 540.0 0.029071692   
 50s 520 420.0 0.025643049   
 1 590 420.0 0.029071692   
 2 762 172.0 0.015688274   
 3 858 96.0 0.013040142   
 4 930 72.0 0.014225527   
 5 978 48.0 0.013994039   
 10 1079 20.2 0.033564088   
 15         
 20         
 25         
 30         
 40         
 50         
 60         
 75         
 90         
 110         
 130         
         
     Average k= 0.014236996   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 29/09/2004     B.H.No.: LB25  
 Elevation: 271 m    Test depth: 9.0 m  
 Coordinates:  X: 263303 Y: 1997394 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 30       
 20s 42 72.0 0.003023858   
 30s 54 72.0 0.003066449   
 40s 65 66.0 0.002849365   
 50s 77 72.0 0.003151528   
 1 92 90.0 0.004004668   
 2 150 58.0 0.002702881   
 3 205 55.0 0.002763569   
 4 253 48.0 0.002596807   
 5 296 43.0 0.002495445   
 10 420 24.8 0.001667605   
 15 510 18.0 0.001506869   
 20 575 13.0 0.001323134   
 25 624 9.8 0.001185994   
 30 662 7.6 0.001075002   
 40 716 5.4 0.000933758   
 50 754 3.8 0.000839394   
 60 780 2.6 0.000711617   
 75 808 1.9 0.000642749   
 90 828 1.3 0.000592963   
 110         
 130         
         
     Average k= 0.002639676   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 01/10/2004     B.H.No.: LB26  
 Elevation: 271 m    Test depth: 9.0 m  
 Coordinates:  X: 244614 Y: 2001489 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 5       
 20s 5 0.0 0   
 30s 5 0.0 0   
 40s 5 0.0 0   
 50s 5 0.0 0   
 1 5 0.0 0   
 2 5 0.0 0   
 3 5 0.0 0   
 4 5 0.0 0   
 5 5 0.0 0   
 10 5 0.0 0   
 15 5 0.0 0   
 20 5 0.0 0   
 25 5 0.0 0   
 30 5 0.0 0   
 40 5 0.0 0   
 50 5 0.0 0   
 60 5 0.0 0   
 75         
 90         
 110         
 130         
         
     Average k= 0   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 30/09/2004     B.H.No.: LB27  
 Elevation: 263 m    Test depth: 5.92 m  
 Coordinates:  X: 24145 Y: 2006886 Inner dia:  7.6 cm  
 Upper Tube Length:  92cm   Outer dia: 8.9 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 10       
 20s 17 42.0 0.002634431   
 30s 21 24.0 0.001519827   
 40s 28 42.0 0.002685497   
 50s 32 24.0 0.001549574   
 1 37 30.0 0.001952608   
 2 65 28.0 0.001878423   
 3 91 26.0 0.001835856   
 4 117 26.0 0.001933713   
 5 139 22.0 0.001720766   
 10 227 17.6 0.001567505   
 15 298 14.2 0.001569848   
 20 354 11.2 0.0015335   
 25 400 9.2 0.001558655   
 30 440 8.0 0.001695376   
 40 504 6.4 0.001983173   
 50 543 3.9 0.002124589   
 60 574 3.1 0.003633828   
 75 591 1.1 0.006991947   
 90         
 110         
 130         
         
     Average k= 0.001557377   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 30/09/2004     B.H.No.: LB28  
 Elevation: 242 m    Test depth: 9.0 m  
 Coordinates:  X: 240080 Y: 2010643 Inner dia:  7.6 cm  
 Upper Tube Length:  100 cm   Outer dia: 8.9 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 10       
 20s 12 12.0 0.000489796   
 30s 13 6.0 0.000245312   
 40s 16 18.0 0.000737599   
 50s 17 6.0 0.000246423   
 1 20 18.0 0.000740946   
 2 22 2.0 8.25614E-05   
 3 22 0.0 0   
 4 25 3.0 0.000124195   
 5 26 1.0 4.14931E-05   
 10 31 1.0 4.1636E-05   
 15 40 1.8 7.55522E-05   
 20 48 1.6 6.78243E-05   
 25 50 0.4 1.70556E-05   
 30 53 0.6 2.56588E-05   
 40 59 0.6 2.57956E-05   
 50 65 0.6 2.59803E-05   
 60 70 0.5 2.17933E-05   
 75 76 0.4 1.75506E-05   
 90 82 0.4 1.76789E-05   
 110         
 130         
         
     Average k= 2.58116E-05   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 02/10/2004      B.H.No.: LB29S  
 Elevation: 251 m    Test depth: 5.0 m  
 Coordinates:  X:243742 Y: 2029065 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 15       
 20s 16 6.0 0.00037248   
 30s 20 24.0 0.001496324   
 40s 21 6.0 0.000375693   
 50s 22 6.0 0.000376343   
 1 22 0.0 0   
 2 25 3.0 0.000188825   
 3 27 2.0 0.000126431   
 4 29 2.0 0.000126873   
 5 32 3.0 0.000191146   
 10 52 4.0 0.00026014   
 15 63 2.2 0.000147154   
 20 75 2.4 0.00016401   
 25 85 2.0 0.000139565   
 30 95 2.0 0.000142301   
 40 103 0.8 5.79425E-05   
 50 103 0.0 0   
 60 104 0.1 7.3083E-06   
 75         
 90         
 110         
 130         
         
     Average k= 0.000148258   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 03/10/2004     B.H.No.: LB30  
 Elevation: 257 m    Test depth: 6.0 m  
 Coordinates:  X: 240251 Y: 2041914 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 0       
 20s 0 0.0 0   
 30s 0 0.0 0   
 40s 0 0.0 0   
 50s 0 0.0 0   
 1 0 0.0 0   
 2 0 0.0 0   
 3 0 0.0 0   
 4 0 0.0 0   
 5 0 0.0 0   
 10 2 0.4 2.07644E-05   
 15 3 0.2 1.04045E-05   
 20 3 0.0 0   
 25 3 0.0 0   
 30 4 0.2 1.04194E-05   
 40 5 0.1 5.21721E-06   
 50 5 0.0 0   
 60 5 0.0 0   
 75         
 90         
 110         
 130         
         
     Average k= 0   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 02/10/2004     B.H.No.: LB31  
 Elevation: 272 m    Test depth: 7.5 m  
 Coordinates:  X: 235321 Y: 2024461 Inner dia:  5.5 cm  
 Upper Tube Length:  150 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 0       
 20s 1 6.0 0.000290479   
 30s 1 0.0 0   
 40s 2 6.0 0.000290867   
 50s 2 0.0 0   
 1 2 0.0 0   
 2 2 0.0 0   
 3 2 0.0 0   
 4 2 0.0 0   
 5 2 0.0 0   
 10 2 0.0 0   
 15 2 0.0 0   
 20 2 0.0 0   
 25         
 30         
 40         
 50         
 60         
 75         
 90         
 110         
 130         
         
     Average k= 0   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 03/10/2004     B.H.No.: LB32  
 Elevation: 266 m    Test depth: 7.8 m  
 Coordinates:  X: 234732 Y: 2039248 Inner dia:  5.5 cm  
 Upper Tube Length:  80 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 10       
 20s 12 12.0 0.000566227   
 30s 12 0.0 0   
 40s 13 6.0 0.000283667   
 50s 13 0.0 0   
 1 14 6.0 0.000284037   
 2 14 0.0 0   
 3 14 0.0 0   
 4 14 0.0 0   
 5 14 0.0 0   
 10 14 0.0 0   
 15 14 0.0 0   
 20 14 0.0 0   
 25         
 30         
 40         
 50         
 60         
 75         
 90         
 110         
 130         
         
     Average k= 0   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
 
 
 
)(
)(ln*
)(11
.D
2
1
12 H
H
tt
k −
Π=
 
 
 
 169
Falling head Test Result 
       
         
 Date: 04/10/2004     B.H.No.: LB33S  
 Elevation: 267 m    Test depth: 6.0 m  
 Coordinates:  X: 224858 Y: 2052389 Inner dia:  5.5 cm  
 Upper Tube Length:  140 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 10       
 20s 15 30.0 0.001496324   
 30s 21 36.0 0.00180927   
 40s 28 42.0 0.002129996   
 50s 31 18.0 0.000919274   
 1 34 18.0 0.000923171   
 2 55 21.0 0.001095698   
 3 65 10.0 0.000533623   
 4 71 6.0 0.000323982   
 5 72 1.0 5.42793E-05   
 10 79 1.4 7.64492E-05   
 15 86 1.4 7.72631E-05   
 20 92 1.2 6.68866E-05   
 25 97 1.0 5.62136E-05   
 30 101 0.8 4.52865E-05   
 40 102 0.1 5.68296E-06   
 50 103 0.1 5.69188E-06   
 60 103 0.0 0   
 75         
 90         
 110         
 130         
         
     Average k= 7.35329E-05   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 04/10/2004     B.H.No.: LB34S  
 Elevation: m    Test depth: 5.85 m  
 Coordinates:  X: 222815 Y:2061089  Inner dia:  7.6 cm  
 Upper Tube Length:  85 cm   Outer dia: 8.9 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 1       
 20s 2 6.0 0.000373118   
 30s 2 0.0 0   
 40s 2 0.0 0   
 50s 2 0.0 0   
 1 2 0.0 0   
 2 3 1.0 6.22931E-05   
 3 4 1.0 6.24002E-05   
 4 5 1.0 6.25077E-05   
 5 5 0.0 0   
 10 8 0.6 3.76344E-05   
 15 12 0.8 5.04847E-05   
 20 14 0.4 2.53747E-05   
 25 18 0.8 5.1017E-05   
 30 21 0.6 3.84995E-05   
 40 26 0.5 3.23116E-05   
 50 30 0.4 2.60581E-05   
 60 35 0.5 3.2838E-05   
 75 44 0.6 3.99119E-05   
 90         
 110         
 130         
         
     Average k= 3.22897E-05   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
       
 Date: 11/12/2004    B.H.No.: LBS1  
 Elevation: 289 m    Test depth: 10.0 m 
 Coordinates:  X: 382049  Y: 2036763 Inner dia:  5.5 cm 
 Upper Tube Length:  50 cm   Outer dia: 6.0 cm 
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 15       
 20s 22 42.0 0.001477466   
 30s 30 48.0 0.001700902   
 40s 33 18.0 0.00064128   
 50s 41 48.0 0.001719372   
 1 43 12.0 0.000431973   
 2 78 35.0 0.00128361   
 3 91 13.0 0.000488577   
 4 96 5.0 0.00018968   
 5 112 16.0 0.000613727   
 10 122 2.0 7.77836E-05   
 15 131 1.8 7.07253E-05   
 20 140 1.8 7.14213E-05   
 25 154 2.8 0.000112516   
 30 170 3.2 0.000130763   
 40 184 1.4 5.81914E-05   
 50 198 1.4 5.91398E-05   
 60         
 75         
 90         
 110         
 130         
         
    Average k= 7.33101E-05   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
 
 
 
)(
)(ln*
)(11
.D
2
1
12 H
H
tt
k −
Π=
 
 
 
 172
Falling head Test Result 
       
         
 Date: 16/09/2004     B.H.No.: LBS2  
 Elevation: m    Test depth: 4.0 m  
 Coordinates:  X:368506  Y: 2016144 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 40       
 20s 57 102.0 0.008198406   
 30s 72 90.0 0.007499511   
 40s 76 24.0 0.002044281   
 50s 81 30.0 0.002582643   
 1 84 18.0 0.001564421   
 2 102 18.0 0.001605035   
 3 111 9.0 0.000829951   
 4 120 9.0 0.000849379   
 5 129 9.0 0.000869739   
 9 150 5.3 0.000528582   
 15 180 5.0 0.00054194   
 24 216 4.0 0.000481176   
 36 244 2.3 0.000313862   
 48 272 2.3 0.000350253   
 60 298 2.2 0.000366117   
 72 314 1.3 0.000249528   
 84 325 0.9 0.000184334   
 75         
 90         
 110         
 130         
         
     Average k= 0.000343411   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 17/09/2004     B.H.No.: LBS2  
 Elevation: m    Test depth: 8.0 m  
 Coordinates:  X:368506  Y: 2016144 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 27       
 20s 35 48.0 1.56372E-10   
 30s 40 30.0 9.85652E-11   
 40s 46 36.0 1.19138E-10   
 50s 50 24.0 7.9953E-11   
 1 55 30.0 1.00543E-10   
 2 96 41.0 1.41808E-10   
 3 129 33.0 1.20272E-10   
 4 147 18.0 6.81211E-11   
 5 171 24.0 9.3809E-11   
 9 190 4.8 1.921E-11   
 15 248 9.7 4.17159E-11   
 24 293 5.0 2.36704E-11   
 36 331 3.2 1.62646E-11   
 48 420 7.4 4.39309E-11   
 60 495 6.3 4.58991E-11   
 75 614 7.9 8.25986E-11   
 90 685 4.7 8.03021E-11   
           
           
           
           
         
     Average k= 1.16665E-10   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 12/12/2004     B.H.No.: LBS3  
 Elevation: 283 m    Test depth: 6.0 m  
 Coordinates:  X: 346545 Y: 1987424 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 2       
 20s 3 6.0 0.000312135   
 30s 4 6.0 0.000312583   
 40s 5 6.0 0.000313033   
 50s 5 0.0 0   
 1 5 0.0 0   
 2 9 4.0 0.000209442   
 3 13 4.0 0.000210658   
 4 15 2.0 0.000105789   
 5 17 2.0 0.000106099   
 10 30 2.6 0.000139462   
 15 41 2.2 0.000120136   
 20 50 1.8 9.97942E-05   
 25 60 2.0 0.000112516   
 30 68 1.6 9.1286E-05   
 40 81 1.3 7.54167E-05   
 50 93 1.2 7.10347E-05   
 60 111 1.8 0.000109229   
 75         
 90         
 110         
 130         
         
     Average k= 7.92458E-05   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 01/10/2004     B.H.No.: LBS4  
 Elevation: 267 m    Test depth: 6.2 m  
 Coordinates:  X: 234456  Y: 2017053 Inner dia:  5.5 cm  
 Upper Tube Length:  120 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 13       
 20s 20 42.0 0.002525298   
 30s 23 18.0 0.001091302   
 40s 30 42.0 0.002567848   
 50s 34 24.0 0.001481055   
 1 38 24.0 0.0014912   
 2 62 24.0 0.001528045   
 3 83 21.0 0.001391951   
 4 103 20.0 0.001377232   
 5 122 19.0 0.001358639   
 10 198 15.2 0.001201745   
 15 262 12.8 0.001193599   
 20 321 11.8 0.001306935   
 25 359 7.6 0.000986414   
 30 391 6.4 0.000949223   
 40 434 4.3 0.000754653   
 50 461 2.7 0.000569114   
 60 481 2.0 0.00048779   
 75 502 1.4 0.000396214   
 90 517 1.0     
 110         
 130         
         
     Average k= 0.001370045   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
       
 Date: 02/10/2004    B.H.No.: LBS5  
 Elevation: 263 m    Test depth: 6.2 m  
 Coordinates:  X: 242358  Y: 2018323 Inner dia:  5.5 cm 
 Upper Tube Length:  120 cm   Outer dia: 6.0 cm 
       
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 65       
 20s 75 60.0 0.003958551   
 30s 79 24.0 0.001603796   
 40s 83 24.0 0.001615698   
 50s 89 36.0 0.002446254   
 1 96 42.0 0.002889142   
 2 130 34.0 0.002434274   
 3 162 32.0 0.0024506   
 4 190 28.0 0.002289047   
 5 217 27.0 0.002353079   
 10 320 20.6 0.002141975   
 15 397 15.4 0.002152546   
 20 433 7.2 0.001277715   
 25 465 6.4 0.001362046   
 30 482 3.4 0.000843073   
 40 517 3.5 0.001061447   
 50 538 2.1 0.00082735   
 60 555 1.7 0.000843033   
 75 589 2.3 0.001791063   
 90         
 110         
 130         
        
    Average k= 0.002237641   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Appendix (A2) 
Falling Head Test 
Merowe Irrigation Project 
 Right Bank 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 178
 
 
Falling head Test Result 
       
         
 Date: 01/12/2004    B.H.No.: RBS1  
 Elevation: 280 m    Test depth: 6.0 m  
 Coordinates:  X: 376413  Y: 2055829 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 30       
 20s 35 30.0 0.001630826   
 30s 45 60.0 0.003298764   
 40s 50 30.0 0.001668317   
 50s 58 48.0 0.002696187   
 1 62 24.0 0.001360719   
 2 84 22.0 0.001273314   
 3 98 14.0 0.000834191   
 4 110 12.0 0.00073061   
 5 120 10.0 0.000620284   
 10 164 8.8 0.000572545   
 15 207 8.6 0.000606878   
 20 240 6.6 0.000502794   
 25 270 6.0 0.000489431   
 30 297 5.4 0.000470616   
 40 346 4.9 0.000470407   
 50 384 3.8 0.000412041   
 60 419 3.5 0.000425949   
 75         
 90         
 110         
 130         
         
     Average k= 0.000483312   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 04/11/2004    B.H.No.: RBS2  
 Elevation:     Test depth: 5.0 m  
 Coordinates:  X: 325850 Y: 2004367 Inner dia:  5.5 cm  
 Upper Tube Length:  120 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 24       
 20s 35 66.0 0.00405576   
 30s 40 30.0 0.001868804   
 40s 42 12.0 0.000752036   
 50s 44 12.0 0.000754643   
 1 45 6.0 0.000378305   
 2 56 11.0 0.000700887   
 3 69 13.0 0.000846163   
 4 80 11.0 0.000731726   
 5 91 11.0 0.000746786   
 10 143 10.4 0.000750911   
 15 187 8.8 0.000702337   
 20 226 7.8 0.000684979   
 25 256 6.0 0.000574744   
 30 290 6.8 0.000711644   
 40 350 6.0 0.000728148   
 50 391 4.1 0.000597626   
 60 424 3.3 0.000564632   
 75 466 2.8 0.000583382   
 90         
 110         
 130         
         
     Average k= 0.000723348   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 01/11/2004    B.H.No.: RBS3  
 Elevation: 264 m    Test depth: 5.0 m  
 Coordinates:  X: 303441 Y: 2006522 Inner dia:  5.5 cm  
 Upper Tube Length:  120 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 0       
 20s 0 0.0 0   
 30s 1 6.0 0.000351436  
 40s 2 6.0 0.000352004   
 50s 2 0.0 0   
 1 3 6.0 0.000352574   
 2 6 3.0 0.00017686   
 3 8 2.0 0.000118387   
 4 8 0.0 0   
 5 10 2.0 0.000118775   
 10 13 0.6 3.57789E-05   
 15 16 0.6 3.59562E-05   
 20 19 0.6 3.61352E-05   
 25 22 0.6 3.63161E-05   
 30 24 0.4 2.43121E-05   
 40 29 0.5 3.05694E-05   
 50 33 0.4 2.46423E-05   
 60 37 0.4 2.48108E-05   
 75         
 90         
 110         
 130         
         
     Average k= 3.60466E-05   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 30/10/2004    B.H.No.: RBS4  
 Elevation: 296 m    Test depth: 6.0 m  
 Coordinates:  X: 298039 Y: 2013672 Inner dia:  5.5 cm  
 Upper Tube Length:  185 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 0       
 20s 0 0.0 0   
 30s 0 0.0 0   
 40s 0 0.0 0   
 50s 0 0.0 0   
 1 0 0.0 0   
 2 0 0.0 0   
 3 0 0.0 0   
 4 0 0.0 0   
 5 0 0.0 0   
 10         
 15         
 20         
 25         
 30         
 40         
 50         
 60         
 75         
 90         
 110         
 130         
         
     Average k= 0   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 25/1/2004    B.H.No.: RBS5  
 Elevation: 254 m    Test depth: 5.0 m  
 Coordinates:  X: 277032 Y:2012890 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 0       
 20s 0 0.0 0   
 30s 0 0.0 0   
 40s 0 0.0 0   
 50s 1 6.0 0.00036316   
 1 2 6.0 0.000363767   
 2 4 2.0 0.00012156   
 3 5 1.0 6.09332E-05   
 4 6 1.0 6.10357E-05   
 5 6 0.0 0   
 10 15 1.8 0.000110798   
 15 23 1.6 9.99278E-05   
 20 30 1.4 8.858E-05   
 25 37 1.4 8.96746E-05   
 30 44 1.4 9.07965E-05   
 40 57 1.3 8.58483E-05   
 50 67 1.0 6.74475E-05   
 60 77 1.0 6.8725E-05   
 75         
 90         
 110         
 130         
         
     Average k= 8.96837E-05   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 23/10/2004    B.H.No.: RBS6  
 Elevation: 251 m    Test depth: 7.0 m  
 Coordinates:  X: 263218 Y: 2018888 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 2       
 20s 4 12.0 0.000546335   
 30s 8 24.0 0.0010968   
 40s 10 12.0 0.000550479   
 50s 12 12.0 0.000551874   
 1 15 18.0 0.000830443   
 2 27 12.0 0.000558969   
 3 35 8.0 0.000377488   
 4 45 10.0 0.00047745   
 5 52 7.0 0.000337993   
 10 92 8.0 0.000398844   
 15 128 7.2 0.000378719   
 20 170 8.4 0.000468365   
 25 197 5.4 0.000317882   
 30 220 4.6 0.000282224   
 40 260 4.0 0.000259294   
 50 294 3.4 0.000235975   
 60 332 3.8 0.000283277   
 75         
 90         
 110         
 130         
         
     Average k= 0.000265192   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
        
 Date: 25/10/2004    B.H.No.: RBS7 
 Elevation: 265 m    Test depth: 14.0 m 
 Coordinates:  X: 262157 Y: 2020380 Inner dia:  5.5 cm 
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm 
        
        
        
        
 Time Falling (Reading) Rate of Flow K  
 (min) (cm) (cm/min) (m/s)  
 10s 2      
 20s 2 0.0 0  
 30s 4 12.0 0.000290867  
 40s 4 0.0 0  
 50s 4 0.0 0  
 1 4 0.0 0  
 2 4 0.0 0  
 3 4 0.0 0  
 4 4 0.0 0  
 5 4 0.0 0  
 10 5 0.2 4.85265E-06  
 15 9 0.8 1.94431E-05  
 20 10 0.2 4.86893E-06  
 25 20 2.0 4.88698E-05  
 30 20 0.0 0  
 40 20 0.0 0  
 50 20 0.0 0  
 60 24 0.4 9.82023E-06  
 75        
 90        
 110        
 130        
        
     Average k= 1.95086E-05  
 
 
        
        
     (cm/s)   
        
        
 D= Dia. Of Casing     
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively. 
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Falling head Test Result 
       
         
 Date: 14/10/2004    B.H.No.: RBS8  
 Elevation:     Test depth: 5.0 m  
 Coordinates:  X: 256424 Y: 2058525 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 74       
 20s 101 162.0 0.01147248   
 30s 123 132.0 0.009816651   
 40s 148 150.0 0.011720499   
 50s 169 126.0 0.010357559   
 1 184 90.0 0.007712056   
 2 290 106.0 0.010672099   
 3 358 68.0 0.008985597   
 4 410 52.0 0.00877801   
 5 450 40.0 0.008577536   
 10 557 21.4 0.00906733   
 15 599 8.4 0.027295567   
 20         
 25         
 30         
 40         
 50         
 60         
 75         
 90         
 110         
 130         
         
     Average k= 0.008852118   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
 
 
 
)(
)(ln*
)(11
.D
2
1
12 H
H
tt
k −
Π=
 
 
 
 186
Falling head Test Result 
       
         
 Date: 13/10/2004    B.H.No.: RBS9  
 Elevation: 237m    Test depth: 6.16m  
 Coordinates:  X: 250596 Y: 2087620 Inner dia:  5.5 cm  
 Upper Tube Length:  116 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 47       
 20s 73 156.0 0.01018274   
 30s 108 210.0 0.01450584   
 40s 135 162.0 0.011890287   
 50s 158 138.0 0.010667583   
 1 179 126.0 0.010218635   
 2 258 79.0 0.007235379   
 3 325 67.0 0.007518753   
 4 356 31.0 0.004087282   
 5 386 30.0 0.004448713   
 10 466 16.0 0.003102022   
 15 505 7.8 0.002185163   
 20 530 5.0 0.001851899   
 25 547 3.4 0.001598319   
 30 559 2.4 0.001386515   
 40 574 1.5 0.001108099   
 50 585 1.1 0.001101933   
 60 594 0.9 0.0012444   
 75 604 0.7 0.001466271   
 90         
 110         
 130         
         
     Average k= 0.001151477   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 11/10/2004    B.H.No.: RBS10  
 Elevation: 221m    Test depth: 6.19m  
 Coordinates:  X: 243850 Y: 2105967 Inner dia:  5.5 cm  
 Upper Tube Length:  119 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 2       
 20s 3 6.0 0.000353146   
 30s 4 6.0 0.000353719   
 40s 5 6.0 0.000354295   
 50s 6 6.0 0.000354873   
 1 6 0.0 0   
 2 10 4.0 0.000237551   
 3 12 2.0 0.000119361   
 4 16 4.0 0.000239906   
 5 20 4.0 0.000241503   
 10 41 4.2 0.000258991   
 15 74 6.6 0.000426633   
 20 100 5.2 0.000354743   
 25 118 3.6 0.000256161   
 30 154 7.2 0.000541156   
 40 192 3.8 0.000309348   
 50 220 2.8 0.000246099   
 60 239 1.9 0.000177039   
 75 258 1.3 0.000124081   
 90         
 110         
 130         
         
     Average k= 0.0002468   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 09/10/2004    B.H.No.: RBS11  
 Elevation: 229m    Test depth: 5.0m  
 Coordinates:  X: 246233 Y: 2135950 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 36       
 20s 41 30.0 0.001938697   
 30s 41 0.0 0   
 40s 42 6.0 0.00038982   
 50s 43 6.0 0.000390519   
 1 43 0.0 0   
 2 47 4.0 0.00026152   
 3 51 4.0 0.000263418   
 4 54 3.0 0.000198826   
 5 57 3.0 0.000199922   
 10 69 2.4 0.000162178   
 15 78 1.8 0.000124057   
 20 81 0.6 4.1828E-05   
 25 87 1.2 8.43863E-05   
 30 92 1.0 7.10793E-05   
 40 103 1.1 7.94346E-05   
 50 106 0.3 2.19692E-05   
 60 108 0.2 1.47204E-05   
 75         
 90         
 110         
 130         
         
     Average k= 0.000186975   
         
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 09/10/2004    B.H.No.: RBS12  
 Elevation: 224m    Test depth: 6.19m  
 Coordinates:  X: 248152 Y: 2147117 Inner dia:  5.5 cm  
 Upper Tube Length:  119 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 1       
 20s 1 0.0 0   
 30s 2 6.0 0.000352574   
 40s 2 0.0 0   
 50s 2 0.0 0   
 1 2 0.0 0   
 2 2 0.0 0   
 3 2.5 0.5 2.94169E-05   
 4 2.5 0.0 0   
 5 2.5 0.0 0   
 10 4 0.3 1.76788E-05   
 15 5 0.2 1.18098E-05   
 20 9 0.8 4.74325E-05   
 25 10 0.2 1.19067E-05   
 30 11 0.2 1.19263E-05   
 40 12 0.1 5.97296E-06   
 50 13 0.1 5.98281E-06   
 60 13.5 0.1 2.99511E-06   
 75 15       
 90         
 110         
 130         
         
     Average k= 1.19165E-05   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 06/12/2004    B.H.No.: RB3  
 Elevation: 287m    Test depth: 8.0 m  
 Coordinates:  X: 390409 Y: 2059799 Inner dia:  5.5 cm  
 Upper Tupe Length:  115 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 131       
 20s 162 186.0 0.00878342   
 30s 178 96.0 0.004675923   
 40s 191 78.0 0.003874552   
 50s 200 54.0 0.002723355   
 1 207 42.0 0.002141971   
 2 610 403.0 0.030557373   
 3 745 135.0 0.021209484   
 4 805 60.0 0.015795827   
 5 821 16.0 0.005703591   
 10 840 3.8 0.001638711   
 15 870 6.0 0.003707135   
 20 877 1.4 0.001227011   
 25 884 1.4 0.001477547   
 30 889 1.0 0.001276464   
 40 892 0.3 0.000444871   
 50 892 0.0 0   
 60 892 0.0 0   
 75         
 90         
 110         
 130         
         
     Average k= 0.001327007   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 03/12/2004    B.H.No.: RB4  
 Elevation: 299m     Test depth: 11.0m  
 Coordinates:  X: 383187 Y: 2058215 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 40       
 20s 50 60.0 0.001884984   
 30s 53 18.0 0.000568692   
 40s 56 18.0 0.000570182   
 50s 65 54.0 0.00171956   
 1 66 6.0 0.000191903   
 2 82 16.0 0.000515614   
 3 92 10.0 0.000326019   
 4 100 8.0 0.000262941   
 5 107 7.0 0.000231647   
 10 125 3.6 0.000120509   
 15 130 1.0 3.38329E-05   
 20 135 1.0 3.39914E-05   
 25 142 1.4 4.7857E-05   
 30 147 1.0 3.43778E-05   
 40 156 0.9 3.11467E-05   
 50 165 0.9 3.14164E-05   
 60 175 1.0 3.52291E-05   
 75         
 90         
 110         
 130         
         
     Average k= 3.30425E-05   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 04/12/2004    B.H.No.: RB4  
 Elevation: 299m    Test depth: 22.0m  
 Coordinates:  X: 383187 Y: 2058215 Inner dia:  5.5 cm  
 Upper Tube Length:  73 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 650       
 20s 1045 2370.0 0.060718219   
 30s 1223 1068.0 0.034093331   
 40s 1280 342.0 0.012151675   
 50s 1322 252.0 0.009408872   
 1 1359 222.0 0.008639663   
 2 1440 81.0 0.003367203   
 3 1521 81.0 0.003711931   
 4 1575 54.0 0.002703911   
 5 1620 45.0 0.002418152   
 10 1712 18.4 0.001102042   
 15 1763 10.2 0.00069168   
 20 1789 5.2 0.000379736   
 25 1805 3.2 0.000243961   
 30 1817 2.4 0.000188508   
 40 1838 2.1 0.000171075   
 50 1857 1.9 0.000162055   
 60 1915 5.8 0.000544838   
 75         
 90         
 110         
 130         
         
     Average k= 0.000173879   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 02/12/2004    B.H.No.: RB5  
 Elevation: 292m     Test depth: 6.5m  
 Coordinates:  X: 381414 Y: 2056549 Inner dia:  5.5 cm  
 Upper Tube Length:  105 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 40       
 20s 55 90.0 0.004616023   
 30s 58 18.0 0.000935066   
 40s 67 54.0 0.00282954   
 50s 75 48.0 0.002546395   
 1 79 24.0 0.001284454   
 2 108 29.0 0.001591012   
 3 134 26.0 0.001488266   
 4 169 35.0 0.002104981   
 5 194 25.0 0.001582017   
 10 293 19.8 0.001409018   
 15 367 14.8 0.001266804   
 20 423 11.2 0.001131174   
 25 476 10.6 0.001262185   
 30 508 6.4 0.00088409   
 40 553 4.5 0.000729781   
 50 578 2.5 0.000479399   
 60 596 1.8 0.000389148   
 75         
 90         
 110         
 130         
         
     Average k= 0.001220054   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 02/12/2004    B.H.No.: RB5  
 Elevation: 292m     Test depth: 13.0 m  
 Coordinates:  X: 381414 Y: 2056549 Inner dia:  5.5 cm  
 Upper Tube Length:  105 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 97       
 20s 115 108.0 0.003016874   
 30s 120 30.0 0.000845493   
 40s 130 60.0 0.001700902   
 50s 138 48.0 0.001370354   
 1 153 90.0 0.002592896   
 2 205 52.0 0.001539266   
 3 247 42.0 0.001292758   
 4 290 43.0 0.00137305   
 5 330 40.0 0.001325653   
 10 631 60.2 0.002384001   
 15 732 20.2 0.001014741   
 20 821 17.8 0.001029385   
 25 884 12.6 0.00082841   
 30 972 17.6 0.001342661   
 40 1030 5.8 0.000521831   
 50 1079 4.9 0.000508104   
 60         
 75         
 90         
 110         
 130         
         
     Average k= 0.001330487   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 30/11/2004    B.H.No.: RB6  
 Elevation: 301m    Test depth: 9.5 m  
 Coordinates:  X: 378389 Y: 2055481 Inner dia:  5.5 cm  
 Upper Tube Length:  50 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 0       
 20s 2 12.0 0.000435865   
 30s 4 12.0 0.000436739   
 40s 15 66.0 0.002417851   
 50s 20 30.0 0.001107963   
 1 25 30.0 0.00111363   
 2 60 35.0 0.001326518   
 3 90 30.0 0.001176937   
 4 123 33.0 0.001340307   
 5 153 30.0 0.001262971   
 10 275 24.4 0.001128696   
 15 280 1.0 5.02226E-05   
 20 457 35.4 0.002047544   
 25 516 11.8 0.000834749   
 30 560 8.8 0.00069168   
 40 627 6.7 0.000599427   
 50 673 4.6 0.000477586   
 60 711 3.8 0.00044825   
 75         
 90         
 110         
 130         
         
     Average k= 0.001221388   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 30/11/2004    B.H.No.: RB6  
 Elevation: 301m    Test depth: 19.5 m  
 Coordinates:  X: 378389 Y: 2055481 Inner dia:  5.5 cm  
 Upper Tube Length:  50 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 390       
 20s 400 60.0 0.001400097   
 30s 420 120.0 0.002827498   
 40s 430 60.0 0.00142764   
 50s 440 60.0 0.001437063   
 1 460 120.0 0.0029029   
 2 530 70.0 0.001746041   
 3 590 60.0 0.001566533   
 4 652 62.0 0.001693094   
 5 710 58.0 0.001658738   
 10 955 49.0 0.001597471   
 15 1152 39.4 0.001601173   
 20 1282 26.0 0.001290468   
 25 1357 15.0 0.000864281   
 30 1393 7.2 0.000454509   
 40 1486 9.3 0.00066287   
 50 1561 7.5 0.000639736   
 60 1597 3.6 0.000352375   
 75         
 90         
 110         
 130         
         
     Average k= 0.001643842   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 28/11/2004    B.H.No.: RB7  
 Elevation: 299m    Test depth: 6.0 m  
 Coordinates:  X: 375553 Y: 2049769 Inner dia:  5.5 cm  
 Upper Tube Length:  105 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 30       
 20s 40 60.0 0.003249527   
 30s 48 48.0 0.002635001   
 40s 55 42.0 0.00233208   
 50s 57 12.0 0.000670923   
 1 60 18.0 0.001010277   
 2 66 6.0 0.000339121   
 3 75 9.0 0.0005147   
 4 86 11.0 0.000639156   
 5 96 10.0 0.000590986   
 10 145 9.8 0.00060874   
 15 188 8.6 0.000579802   
 20 222 6.8 0.000493676   
 25 255 6.6 0.000513581   
 30 284 5.8 0.000483433   
 40 340 5.6 0.000517926   
 50 378 3.8 0.000398915   
 60 409 3.1 0.000361408   
 75         
 90         
 110         
 130         
         
     Average k= 0.000593176   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 29/11/2004    B.H.No.: RB7  
 Elevation: 299m    Test depth: 12.0 m  
 Coordinates:  X: 375553 Y: 2049769 Inner dia:  5.5 cm  
 Upper Tube Length:  105 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 280       
 20s 295 90.0 0.003209605   
 30s 310 90.0 0.003257631   
 40s 315 30.0 0.0010968   
 50s 320 30.0 0.001102353   
 1 325 30.0 0.001107963   
 2 346 21.0 0.000786003   
 3 369 23.0 0.000880857   
 4 389 20.0 0.000783739   
 5 409 20.0 0.000801042   
 10 496 17.4 0.000741255   
 15 567 14.2 0.000666606   
 20 636 13.8 0.000712359   
 25 688 10.4 0.000587212   
 30 731 8.6 0.000524253   
 40 802 7.1 0.000479114   
 50 837 3.5 0.000261699   
 60 872 3.5 0.000282051   
 75         
 90         
 110         
 130         
         
     Average k= 0.000775345   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
         
 Date: 28/11/2004    B.H.No.: RB8  
 Elevation: 285 m    Test depth: 9.0 m  
 Coordinates:  X: 372472 Y: 2044779 Inner dia:  5.5 cm  
 Upper Tube Length:  105 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 65       
 20s 70 30.0 0.221109242   
 30s 75 30.0 0.22229482   
 40s 80 30.0 0.223493181   
 50s 85 30.0 0.224704532   
 1 90 30.0 0.225929086   
 2 113 23.0 0.17590534   
 3 138 25.0 0.196421624   
 4 159 21.0 0.16942191   
 5 180 21.0 0.173680713   
 10 274 18.8 0.167171909   
 15 362 17.6 0.177258348   
 20 428 13.2 0.14966636   
 25 488 12.0 0.151735018   
 30 532 8.8 0.122919154   
 40 583 5.1 0.078832219   
 50 639 5.6 0.098374019   
 60 680 4.1 0.082092244   
 75         
 90         
 110         
 130         
         
     Average k= 0.170091511   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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 Date: 27/11/2004    B.H.No.: RB9  
 Elevation: 290 m    Test depth: 11.0 m  
 Coordinates:  X: 365984 Y: 2033925 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 12       
 20s 22 60.0 0.001840368   
 30s 31 54.0 0.001669739   
 40s 36 30.0 0.000933196   
 50s 42 36.0 0.001125141   
 1 45 18.0 0.000564759   
 2 59 14.0 0.000442514   
 3 65 6.0 0.000191314   
 4 72 7.0 0.000224481   
 5 78 6.0 0.000193524   
 10 109 6.2 0.000203331   
 15 142 6.6 0.000222899   
 20 179 7.4 0.000258338   
 25 208 5.8 0.000209112   
 30 236 5.6 0.000207785   
 40 295 5.9 0.000229167   
 50 353 5.8 0.000240336   
 60 398 4.5 0.000198091   
 75         
 90         
 110         
 130         
         
     Average k= 0.000216216   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 27/11/2004    B.H.No.: RB9  
 Elevation: 290 m    Test depth: 5.5 m  
 Coordinates:  X: 365988 Y: 2033918 Inner dia:  5.5 cm  
 Upper Tube Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 40       
 20s 50 60.0 0.003598665   
 30s 63 78.0 0.004768996   
 40s 74 66.0 0.004118536   
 50s 85 66.0 0.004197952   
 1 97 72.0 0.004673831   
 2 163 66.0 0.004611692   
 3 209 46.0 0.003600241   
 4 260 51.0 0.004459447   
 5 330 70.0 0.007178248   
 10 495 33.0 0.005260673   
 15 553 11.6 0.003401525   
 20 586 6.6 0.003017722   
 25         
 30         
 40         
 50         
 60         
 75         
 90         
 110         
 130         
         
     Average k= 0.004474201   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 27/11/2004    B.H.No.: RB10S  
 Elevation: 277 m    Test depth: 5.0m  
 Coordinates:  X: 356469 Y: 2038035 Inner dia:  5.5 cm  
 Upper Tube Length:  107 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 0       
 20s 0 0.0 0   
 30s 0 0.0 0   
 40s 0.5 3.0 0.00017941   
 50s 0.5 0.0 0   
 1 1 3.0 0.000179558   
 2 2 1.0 5.99269E-05   
 3 2 0.0 0   
 4 3 1.0 6.0026E-05   
 5 3 0.0 0   
 10 5 0.4 2.40701E-05   
 15 7 0.4 2.41502E-05   
 20 9 0.4 2.42309E-05   
 25 12 0.6 3.64987E-05   
 30 14 0.4 2.44348E-05   
 40 16 0.2 1.22587E-05   
 50 19 0.3 1.84661E-05   
 60 24 0.5 3.09871E-05   
 75         
 90         
 110         
 130         
         
     Average k= 2.41504E-05   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 27/11/2004    B.H.No.: RB11  
 Elevation: 277 m    Test depth: 5.0 m  
 Coordinates:  X: 354368 Y: 2029721 Inner dia:  5.5 cm  
 Upper Tube Length:  115 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 35       
 20s 52 102.0 0.006476668   
 30s 68 96.0 0.006276883   
 40s 80 72.0 0.00482935   
 50s 94 84.0 0.005773066   
 1 109 90.0 0.006360169   
 2 187 78.0 0.006074717   
 3 232 45.0 0.004030915   
 4 268 36.0 0.00358177   
 5 295 27.0 0.00293928   
 10 381 17.2 0.002271485   
 15 424 8.6 0.001473546   
 20 452 5.6 0.001150426   
 25 475 4.6 0.001103868   
 30 490 3.0 0.000822442   
 40 515 2.5 0.000809692   
 50 531 1.6 0.000632654   
 60 544 1.3 0.000610097   
 75         
 90         
 110         
 130         
         
     Average k= 0.001242613   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 06/11/2004    B.H.No.: RB12  
 Elevation: 298 m    Test depth: 12.0 m  
 Coordinates:  X: 353712 Y: 2021726 Inner dia:  5.5 cm  
 Upper Tupe Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 56       
 20s 68 72.0 0.002110333   
 30s 85 102.0 0.003025094   
 40s 93 48.0 0.00143825   
 50s 102 54.0 0.00162947   
 1 115 78.0 0.002375421   
 2 182 125.0 0.002111879   
 3 237 55.0 0.001830479   
 4 280 43.0 0.001498327   
 5 320 40.0 0.001451622   
 10 515 39.0 0.001610134   
 15 640 25.0 0.001258707   
 20 740 20.0 0.001192371   
 25 828 17.6 0.001240665   
 30 900 14.4 0.001201162   
 40 1000 10.0 0.001043875   
 50 1084 8.4 0.001192   
 60 1127 4.3 0.000805495   
 75 1175 3.2 0.000786137   
 90         
 110         
 130         
         
     Average k= 0.001223226   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 26/11/2004    B.H.No.: RB12  
 Elevation: 298 m    Test depth: 24.0 m  
 Coordinates:  X: 353712 Y: 2021726 Inner dia:  5.5 cm  
 Upper Tupe Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 16       
 20s 20 24.0 0.000350869   
 30s 21 6.0 8.78057E-05   
 40s 22 6.0 8.78411E-05   
 50s 24 12.0 0.000175789   
 1 25 6.0 8.79476E-05   
 2 28 3.0 4.40094E-05   
 3 35 7.0 0.000102897   
 4 40 5.0 7.36766E-05   
 5 48 8.0 0.000118195   
 10 83 7.0 0.000104335   
 15 113 6.0 9.06399E-05   
 20 170 11.4 0.000175398   
 25 200 6.0 9.40464E-05   
 30 240 8.0 0.000127322   
 40 320 8.0 0.000130773   
 50 380 6.0 0.000101269   
 60 437 5.7 9.88962E-05   
 75         
 90         
 110         
 130         
         
     Average k= 0.000115653   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 26/11/2004    B.H.No.: RB13  
 Elevation: 289 m    Test depth: 25.0 m  
 Coordinates:  X: 345972 Y: 2011983 Inner dia:  5.5 cm  
 Upper Tube Length:  67 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 0       
 20s 0 0.0 0   
 30s 0 0.0 0   
 40s 1 6.0 8.48293E-05   
 50s 1 0.0 0   
 1 1.5 3.0 4.2427E-05   
 2 2 0.5 7.07255E-06   
 3 2 0.0 0   
 4 3 1.0 1.41492E-05   
 5 3 0.0 0   
 10 5 0.4 5.66301E-06   
 15 6 0.2 2.83316E-06   
 20 7 0.2 2.83427E-06   
 25 8 0.2 2.83538E-06   
 30 10 0.4 5.67408E-06   
 40 10.5 0.1 7.09606E-07   
 50 10.5 0.0 0   
 60 10.5 0.0 0   
 75         
 90         
 110         
 130         
         
     Average k= 2.83427E-06   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 06/11/2004    B.H.No.: RB13  
 Elevation: 289 m     Test depth: 12.5 m  
 Coordinates:  X: 345972 Y: 2011983 Inner dia:  5.5 cm  
 Upper Tube Length:  50 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 0       
 20s 0 0.0 0   
 30s 1 6.0 0.000167537   
 40s 2 6.0 0.000167666   
 50s 2 0.0 0   
 1 2 0.0 0   
 2 3 2.0 2.79659E-05   
 3 4 1.0 2.79874E-05   
 4 7 3.0 8.40921E-05   
 5 10 3.0 8.42874E-05   
 10 15 1.0 2.81831E-05   
 15 17 0.4 1.1304E-05   
 20 22 1.0 2.83372E-05   
 25 27 1.0 2.84483E-05   
 30 32 1.0 2.85602E-05   
 40 40 0.8 2.29657E-05   
 50 49 0.9 2.60114E-05   
 60 57 0.8 2.32788E-05   
 75         
 90         
 110         
 130         
         
     Average k= 2.84486E-05   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 05/11/2004    B.H.No.: RB14  
 Elevation: 260 m    Test depth: 8.0 m  
 Coordinates:  X: 334877 Y: 2009844 Inner dia:  5.5 cm  
 Upper Tube Length:  125 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 8       
 20s 12 24.0 9.55411E-05   
 30s 25 78.0 0.000310798   
 40s 25 0.0 0   
 50s 25 0.0 0   
 1 25 0.0 0   
 2 25 11.0 0   
 3 25 0.0 0   
 4 25 0.0 0   
 5 25 0.0 0   
 10 28 0.6 2.39286E-06   
 15 39 2.2 8.78057E-06   
 20 48 1.8 7.19202E-06   
 25 59 2.2 8.79993E-06   
 30 64 1.0 4.0035E-06   
 40 80 1.6 6.41303E-06   
 50 95 1.5 6.02253E-06   
 60 124 2.9 1.1672E-05   
 75         
 90         
 110         
 130         
         
     Average k= 8.25751E-06   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 04/11/2004     B.H.No.: RB15  
 Elevation: 275 m    Test depth: 6.0 m  
 Coordinates:  X: 333873 Y: 2008683 Inner dia:  5.5 cm  
 Upper Tube Length:  135 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 50       
 20s 65 90.0 0.004820439   
 30s 70 30.0 0.001630826   
 40s 75 30.0 0.001643134   
 50s 80 30.0 0.00165563   
 1 80 0.0 0   
 2 85 5.0 0.000278053   
 3 90 5.0 0.0002802   
 4 93 3.0 0.000169164   
 5 100 7.0 0.000397811   
 10 130 6.0 0.000351221   
 15 148 3.6 0.000219192   
 20 166 3.6 0.000226019   
 25 185 3.8 0.000246468   
 30 208 4.6 0.000310009   
 40 240 3.2 0.000227304   
 50 270 3.0 0.00022686   
 60 298 2.8 0.00022535   
 75         
 90         
 110         
 130         
         
     Average k= 0.00023056   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 03/10/2004    B.H.No.: RB16  
 Elevation: 282 m    Test depth: 5.0 m  
 Coordinates:  X: 317420 Y: 1997416 Inner dia:  5.5 cm  
 Upper Tube Length:  125 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 41       
 20s 60 114.0 0.007200955   
 30s 65 30.0 0.001935251   
 40s 90 150.0 0.009943019   
 50s 95 30.0 0.002044281   
 1 100 30.0 0.002063658   
 2 105 53.0 0.000347234   
 3 125 20.0 0.001423152   
 4 140 15.0 0.001105234   
 5 155 15.0 0.001139959   
 10 250 19.0 0.001638711   
 15 303 10.6 0.001105803   
 20 360 11.4 0.001413849   
 25 403 8.6 0.001284895   
 30 417 2.8 0.000472725   
 40 453 3.6 0.000689587   
 50 478 2.5 0.00056991   
 60 497 1.9 0.000502203   
 75         
 90         
 110         
 130         
         
     Average k= 0.001301658   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 03/10/2004    B.H.No.: RB16  
 Elevation: 282 m    Test depth: 10.0 m  
 Coordinates:  X: 317420 Y: 1997416 Inner dia:  5.5 cm  
 Upper Tupe Length:  50 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 5       
 20s 11 36.0 0.001253637   
 30s 15 24.0 0.000839786   
 40s 18 18.0 0.000631972   
 50s 20 12.0 0.000422336   
 1 24 24.0 0.000847138   
 2 37 42.0 0.000462698   
 3 53 16.0 0.000577695   
 4 68 15.0 0.000550072   
 5 84 16.0 0.000596083   
 10 138 10.8 0.000417459   
 15 180 8.4 0.000342151   
 20 200 4.0 0.000168778   
 25 223 4.6 0.000199075   
 30 242 3.8 0.000168675   
 40 279 3.7 0.000170085   
 50 310 3.1 0.00014891   
 60 336 2.6 0.000129784   
 75         
 90         
 110         
 130         
         
     Average k= 0.000176653   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 02/11/2004    B.H.No.: RB17  
 Elevation:    m    Test depth: 5.0 m  
 Coordinates:  X: 310435 Y: 1999436 Inner dia:  5.5 cm  
 Upper Tupe Length:  110 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 0       
 20s 0.5 3.0 0.000178528   
 30s 1 3.0 0.000178674   
 40s 1 0.0 0   
 50s 2 6.0 0.000357789   
 1 2.5 3.0 0.000179115   
 2 4 9.0 8.97051E-05   
 3 6 2.0 0.000119953   
 4 10 4.0 0.000241102   
 5 11 1.0 6.05266E-05   
 10 27 3.2 0.000196483   
 15 36 1.8 0.000112905   
 20 43 1.4 8.90458E-05   
 25 50 1.4 9.0152E-05   
 30 57 1.4 9.1286E-05   
 40 68 1.1 7.29053E-05   
 50 77 0.9 6.07589E-05   
 60 86 0.9 6.17936E-05   
 75         
 90         
 110         
 130         
         
     Average k= 9.01613E-05   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 01/11/2004    B.H.No.: RB18  
 Elevation: 271m    Test depth: 5.0 m  
 Coordinates:  X: 301677 Y: 2012396 Inner dia:  5.5 cm  
 Upper Tube Length:  120 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 0       
 20s 1 6.0 0.000351436   
 30s 2 6.0 0.000352004   
 40s 3 6.0 0.000352574   
 50s 3.5 3.0 0.000176501   
 1 4 3.0 0.000176644   
 2 5 3.0 5.89532E-05   
 3 6 1.0 5.90492E-05   
 4 7 1.0 5.91454E-05   
 5 7 0.0 0   
 10 12 1.0 5.94364E-05   
 15 15 0.6 3.58969E-05   
 20 16 0.2 1.20052E-05   
 25 17 0.2 1.20251E-05   
 30 18 0.2 1.20451E-05   
 40 21 0.3 1.81278E-05   
 50 21 0.0 0   
 60 22 0.1 6.06278E-06   
 75 23 0.1 4.04862E-06   
 90         
 110         
 130         
         
     Average k= 1.20251E-05   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 31/10/2004    B.H.No.: RB19  
 Elevation: 264 m    Test depth: 8.0 m  
 Coordinates:  X: 289076 Y: 2008300 Inner dia:  5.5 cm  
 Upper Tupe Length:  120 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 8       
 20s 15 42.0 0.001677499   
 30s 17 12.0 0.000481669   
 40s 22 30.0 0.001208855   
 50s 28 36.0 0.001459543   
 1 32 24.0 0.000978493   
 2 58 108.0 0.001078283   
 3 100 42.0 0.001812505   
 4 109 9.0 0.00040046   
 5 135 26.0 0.001182346   
 10 242 21.4 0.001063436   
 15 350 21.6 0.001259194   
 20 415 13.0 0.00087868   
 25 470 11.0 0.000836827   
 30 517 9.4 0.000800543   
 40 573 5.6 0.000542877   
 50 597 2.4 0.000260069   
 60 609 1.2 0.000137376   
 75 611 0.1 1.56068E-05   
 90         
 110         
 130         
         
     Average k= 0.000838683   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 25/10/2004    B.H.No.: RB20  
 Elevation: 262 m    Test depth: 8.0 m  
 Coordinates:  X: 278737 Y: 2008999 Inner dia:  5.5 cm  
 Upper Tupe Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 18       
 20s 19 6.0 0.000246982   
 30s 20 6.0 0.000247262   
 40s 21 6.0 0.000247543   
 50s 24 18.0 0.000744323   
 1 27 18.0 0.000746876   
 2 43 60.0 0.0006712   
 3 60 17.0 0.000727022   
 4 79 19.0 0.000830173   
 5 91 12.0 0.000534278   
 10 157 13.2 0.000617604   
 15 217 12.0 0.00061106   
 20 270 10.6 0.000586196   
 25 330 12.0 0.00072632   
 30 368 7.6 0.000500691   
 40 436 6.8 0.00049624   
 50 483 4.7 0.000387525   
 60 515 3.2 0.000289716   
 75         
 90         
 110         
 130         
         
     Average k= 0.000604953   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 24/10/2004    B.H.No.: RB21  
 Elevation: 287 m    Test depth: 10.0 m  
 Coordinates:  X: 264350 Y: 2018738 Inner dia:  5.5 cm  
 Upper Tupe Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 15       
 20s 20 30.0 0.00100561   
 30s 24 24.0 0.000807846   
 40s 29 30.0 0.001014041   
 50s 33 24.0 0.000814647   
 1 37 24.0 0.000817707   
 2 68 74.0 0.001073928   
 3 95 27.0 0.000961975   
 4 120 25.0 0.000914046   
 5 150 30.0 0.001128144   
 10 239 17.8 0.000713867   
 15 313 14.8 0.000652172   
 20 379 13.2 0.000635647   
 25 447 13.6 0.000718907   
 30 502 11.0 0.00063853   
 40 588 8.6 0.000563394   
 50 652 6.4 0.000484528   
 60 698 4.6 0.000393124   
 75         
 90         
 110         
 130         
         
     Average k= 0.000671825   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 24/10/2004    B.H.No.: RB21  
 Elevation: 287 m    Test depth: 5.0 m  
 Coordinates:  X: 264350 Y: 2018738 Inner dia:  5.5 cm  
 Upper Tupe Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 10       
 20s 15 30.0 0.001852899   
 30s 18 18.0 0.001119356   
 40s 20 12.0 0.000749448   
 50s 25 30.0 0.001884984   
 1 30 30.0 0.001901447   
 2 50 47.0 0.001296056   
 3 68 18.0 0.001207399   
 4 84 16.0 0.001108047   
 5 79 -5.0 -0.000349913   
 10 160 16.2 0.001226278   
 15 207 9.4 0.000819804   
 20 246 7.8 0.000758464   
 25 285 7.8 0.000847085   
 30 325 8.0 0.000985531   
 40 370 4.5 0.000648396   
 50 408 3.8 0.000655262   
 60 441 3.3 0.000684317   
 75         
 90         
 110         
 130         
         
     Average k= 0.000662658   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 21/10/2004    B.H.No.: RB22  
 Elevation: 248 m    Test depth: 5.0 m  
 Coordinates:  X: 264437 Y: 2026690 Inner dia:  5.5 cm  
 Upper Tupe Length:  122 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 3       
 20s 6 18.0 0.001057723   
 30s 8 12.0 0.000708015   
 40s 12 24.0 0.001422974   
 50s 15 18.0 0.001073368   
 1 19 24.0 0.001439439   
 2 31 2.0 0.000729386   
 3 43 12.0 0.000744348   
 4 51 8.0 0.000504853   
 5 58 7.0 0.000447583   
 10 74 3.2 0.000208853   
 15 76 0.4 2.65344E-05   
 20 78 0.4 2.66317E-05   
 25 80 0.4 2.67298E-05   
 30 82 0.4 2.68287E-05   
 40 86 0.4 2.69784E-05   
 50 90 0.4 2.71804E-05   
 60 93 0.3 2.05198E-05   
 75         
 90         
 110         
 130         
         
     Average k= 2.66812E-05   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
 
 
 
)(
)(ln*
)(11
.D
2
1
12 H
H
tt
k −
Π=
 
 
 
 219
Falling head Test Result 
         
         
 Date: 20/10/2004    B.H.No.: RB23  
 Elevation: 250 m    Test depth: 5.0 m  
 Coordinates:  X: 264552   Y: 2031263 Inner dia:  5.5 cm  
 Upper Tube Length:  120 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 5       
 20s 6 6.0 0.000354295   
 30s 15 54.0 0.003214871   
 40s 25 60.0 0.003628655   
 50s 29 24.0 0.001468567   
 1 38 54.0 0.00334095   
 2 80 42.0 0.002717847   
 3 119 39.0 0.002720087   
 4 161 42.0 0.003177028   
 5 186 25.0 0.002032206   
 10 266 16.0 0.001478626   
 15 304 7.6 0.000824083   
 20 306 0.4 4.60773E-05   
 25 307 0.2 2.31488E-05   
 30 307 0.0 0   
 40 308 0.1 1.16114E-05   
 50 309 0.1 1.16487E-05   
 60 309 0.0 0   
 75         
 90         
 110         
 130         
         
     Average k= 0.002988978   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 19/10/2004    B.H.No.: RB24  
 Elevation: 238 m    Test depth: 7.0 m  
 Coordinates:  X: 260723 Y: 2041676 Inner dia:  5.5 cm  
 Upper Tupe Length:  50 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 2       
 20s 3 6.0 0.000291257   
 30s 4 6.0 0.000291647   
 40s 5 6.0 0.000292038   
 50s 6 6.0 0.00029243   
 1 8 12.0 0.000586041   
 2 15 21.0 0.000343943   
 3 21 6.0 0.000297426   
 4 26 5.0 0.000249731   
 5 32 6.0 0.000301963   
 10 58 5.2 0.00026767   
 15 79 4.2 0.000223642   
 20 97 3.6 0.000197336   
 25 113 3.2 0.000180031   
 30 127 2.8 0.000161276   
 40 160 3.3 0.000197481   
 50 180 2.0 0.000125136   
 60 197 1.7 0.000109867   
 75         
 90         
 110         
 130         
         
     Average k= 0.000191954   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 18/10/2004    B.H.No.: RB25S1  
 Elevation: 235 m    Test depth: 10.0 m  
 Coordinates:  X: 256209 Y: 2046617 Inner dia:  5.5 cm  
 Upper Tupe Length:  80 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 28       
 20s 55 162.0 0.005660681   
 30s 80 150.0 0.005375935   
 40s 102 132.0 0.004843187   
 50s 120 108.0 0.004044345   
 1 150 180.0 0.006912145   
 2 234 48.0 0.003434995   
 3 306 72.0 0.003227523   
 4 355 49.0 0.002373094   
 5 404 49.0 0.002539223   
 10 534 26.0 0.001549938   
 15 582 9.6 0.000667794   
 20 602 4.0 0.000297466   
 25 613 2.2 0.000168957   
 30 617 0.8 6.24274E-05   
 40 620 0.3 2.35878E-05   
 50 621 0.1 7.89679E-06   
 60 621 0.0 0   
 75 621 0.0 0   
 90         
 110         
 130         
         
     Average k= 0.001044675   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 18/10/2004    B.H.No.: RB25S1  
 Elevation: 235 m    Test depth: 5.00 m  
 Coordinates:  X: 256209 Y: 2046617 Inner dia:  5.5 cm  
 Upper Tupe Length:  116 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 20       
 20s 28 48.0 0.00294213   
 30s 36 48.0 0.002982434   
 40s 42 36.0 0.002263947   
 50s 51 54.0 0.003440684   
 1 58 42.0 0.002714194   
 2 101 64.0 0.002909826   
 3 138 37.0 0.002705324   
 4 168 30.0 0.002351949   
 5 191 23.0 0.001912405   
 10 279 17.6 0.001683702   
 15 343 12.8 0.001528435   
 20 383 8.0 0.001149773   
 25 415 6.4 0.001072123   
 30 439 4.8 0.000922783   
 40 476 3.7 0.000850927   
 50 504 2.8 0.000809692   
 60 528 2.4 0.000875074   
 75         
 90         
 110         
 130         
         
     Average k= 0.001708181   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 21/10/2004     B.H.No.: RB25S2  
 Elevation: 236 m     Test depth: 10.0 m  
 Coordinates:  X: 256230 Y: 2046626 Inner dia:  5.5 cm  
 Upper Tupe Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 2       
 20s 6 24.0 0.000794579   
 30s 10 24.0 0.000797489   
 40s 11 6.0 0.00019983   
 50s 13 12.0 0.00040021   
 1 14 6.0 0.000200381   
 2 26 40.0 0.000403179   
 3 38 12.0 0.000407709   
 4 52 14.0 0.000481524   
 5 59 7.0 0.000243179   
 10 103 8.8 0.000313409   
 15 143 8.0 0.000297161   
 20 180 7.4 0.000286147   
 25 213 6.6 0.000265094   
 30 243 6.0 0.000249697   
 40 290 4.7 0.000204665   
 50 354 6.4 0.000298663   
 60 388 3.4 0.000169264   
 75         
 90         
 110         
 130         
         
     Average k= 0.000298906   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 18/10/2004    B.H.No.: RB26  
 Elevation: 244 m    Test depth: 5.0 m  
 Coordinates:  X: 255026 Y: 2047803 Inner dia:  5.5 cm  
 Upper Tupe Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 1       
 20s 2 6.0 0.000363767   
 30s 3 6.0 0.000364375   
 40s 10 42.0 0.002567848   
 50s 11 6.0 0.00036932   
 1 13 12.0 0.000740525   
 2 15 2.0 0.000123842   
 3 16 1.0 6.20799E-05   
 4 17 1.0 6.21863E-05   
 5 20 3.0 0.000187201   
 10 32 2.4 0.000151723   
 15 41 1.8 0.000115911   
 20 47 1.2 7.83153E-05   
 25 51 0.8 5.26837E-05   
 30 54 0.6 3.97653E-05   
 40 59 0.5 3.33818E-05   
 50 62 0.3 2.01775E-05   
 60 63 0.1 6.75083E-06   
 75         
 90         
 110         
 130         
         
     Average k= 0.000151611   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 18/10/2004    B.H.No.: RB26  
 Elevation: 244 m    Test depth: 10.0 m  
 Coordinates:  X: 255026 Y: 2047803 Inner dia:  5.5 cm  
 Upper Tupe Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 31       
 20s 37 36.0 0.00212061   
 30s 43 36.0 0.002141469   
 40s 46 18.0 0.001078686   
 50s 48 12.0 0.000722104   
 1 50 12.0 0.000724507   
 2 64 14.0 0.000856701   
 3 76 12.0 0.000750766   
 4 90 14.0 0.000895989   
 5 101 11.0 0.000719848   
 10 173 14.4 0.001020223   
 15 229 11.2 0.000906299   
 20 277 9.6 0.000878509   
 25 320 8.6 0.000888897   
 30 359 7.8 0.000912726   
 40 427 6.8 0.00096575   
 50 492 6.5 0.001250321   
 60 538 4.6 0.001248578   
 75         
 90         
 110         
 130         
         
     Average k= 0.000896608   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing       
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 16/10/2004    B.H.No.: RB27  
 Elevation: 251 m    Test depth: 7.0 m  
 Coordinates:  X: 254788 Y: 2054092 Inner dia:  5.5 cm  
 Upper Tupe Length:  50 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 11       
 20s 13 12.0 0.000740525   
 30s 15 12.0 0.000743053   
 40s 16 6.0 0.00037248   
 50s 17 6.0 0.000373118   
 1 18 6.0 0.000373759   
 2 28 10.0 0.000628884   
 3 36 8.0 0.000511075   
 4 46 10.0 0.000649136   
 5 55 9.0 0.00059432   
 10 95 8.0 0.000553193   
 15 133 7.6 0.00056772   
 20 178 9.0 0.000735322   
 25 207 5.8 0.000516677   
 30 236 5.8 0.000556302   
 40 287 5.1 0.000547735   
 50 330 4.3 0.000536235   
 60 373 4.3 0.000629455   
 75         
 90         
 110         
 130         
         
     Average k= 0.000546757   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing       
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 13/10/2004    B.H.No.: RB28  
 Elevation: 241 m    Test depth: 5.0 m  
 Coordinates:  X: 255732 Y: 2065388 Inner dia:  5.5 cm  
 Upper Tupe Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 4       
 20s 25 126.0 0.007809548   
 30s 33 48.0 0.003050338   
 40s 39 36.0 0.002316131   
 50s 47 48.0 0.003127009   
 1 49 12.0 0.000788821   
 2 60 11.0 0.000731726   
 3 66 6.0 0.000405431   
 4 71 5.0 0.000341354   
 5 77 6.0 0.00041391   
 10 103 5.2 0.000370052   
 15 125 4.4 0.000328569   
 20 148 4.6 0.000360191   
 25 168 4.0 0.000328434   
 30 187 3.8 0.000326412   
 40 223 3.6 0.000330934   
 50 255 3.2 0.000321857   
 60 286 3.1 0.000341635   
 75         
 90         
 110         
 130         
         
     Average k= 0.000329854   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing       
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 13/10/2004    B.H.No.: RB29  
 Elevation: 250 m    Test depth: 9.0 m  
 Coordinates:  X: 249568 Y: 2077050 Inner dia:  5.5 cm  
 Upper Tupe Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 0       
 20s 0 0.0 0   
 30s 0 0.0 0   
 40s 0 0.0 0   
 50s 0 0.0 0   
 1 0 0.0 0   
 2 1 1.0 3.63039E-05   
 3 2 1.0 3.63402E-05   
 4 3 1.0 3.63767E-05   
 5 4 1.0 3.64132E-05   
 10 21 3.4 0.000124936   
 15 49 5.6 0.000210585   
 20 73 4.8 0.000185496   
 25 98 5.0 0.000198403   
 30 103 1.0 4.034E-05   
 40 115 1.2 4.88704E-05   
 50 121 0.6 2.46843E-05   
 60 126 0.5 2.06993E-05   
 75         
 90         
 110         
 130         
         
     Average k= 0.000198161   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing       
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 12/10/2004    B.H.No.: RB30  
 Elevation: 236 m    Test depth: 8.00 m  
 Coordinates:  X: 249806 Y: 2095473 Inner dia:  5.5 cm  
 Upper Tube Length:  126 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 9       
 20s 17 48.0 0.001907695   
 30s 20 18.0 0.000719717   
 40s 28 48.0 0.00193096   
 50s 30 12.0 0.000485428   
 1 37 42.0 0.001707572   
 2 65 28.0 0.001161242   
 3 90 25.0 0.001069191   
 4 110 20.0 0.000878632   
 5 130 20.0 0.000900436   
 10 164 6.8 0.000316793   
 15 170 1.2 5.7369E-05   
 20 172 0.4 1.92242E-05   
 25 175 0.6 2.89322E-05   
 30 176 0.2 9.66975E-06   
 40 179 0.3 1.45434E-05   
 50 181 0.2 9.72808E-06   
 60 183 0.2 9.75423E-06   
 75 189 0.4 1.9614E-05   
 90         
 110         
 130         
         
     Average k= 0.001312668   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 12/10/2004    B.H.No.: RB31  
 Elevation: 233 m    Test depth: 11.0 m  
 Coordinates:  X: 249983 Y: 2100241 Inner dia:  5.5 cm  
 Upper Tupe Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 35       
 20s 43 48.0 0.000145616   
 30s 45 12.0 3.64193E-05   
 40s 48 18.0 5.46403E-05   
 50s 54 36.0 0.000109322   
 1 57 18.0 5.46815E-05   
 2 81 24.0 7.29912E-05   
 3 105 24.0 7.31383E-05   
 4 130 25.0 7.63428E-05   
 5 150 20.0 6.11901E-05   
 10 236 17.2 5.28599E-05   
 15 300 12.8 3.9589E-05   
 20 346 9.2 2.85886E-05   
 25 378 6.4 1.99543E-05   
 30 405 5.4 1.68793E-05   
 40 448 4.3 1.34816E-05   
 50 483 3.5 1.10105E-05   
 60 511 2.8 8.83248E-06   
 75         
 90         
 110         
 130         
         
     Average k= 1.67717E-05   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 12/10/2004    B.H.No.: RB31  
 Elevation: 233 m    Test depth: 5.5 m  
 Coordinates:  X: 249983 Y: 2100241 Inner dia:  5.5 cm  
 Upper Tupe Length:  79 cm   Outer dia: 6.0 cm  
         
         
         
          
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 47       
 20s 48 6.0 0.000374401   
 30s 52 24.0 0.001504077   
 40s 53 6.0 0.000377648   
 50s 54 6.0 0.000378305   
 1 55 6.0 0.000378963   
 2 57 2.0 0.000126652   
 3 60 3.0 0.000190811   
 4 62 2.0 0.000127767   
 5 64 2.0 0.000128218   
 10 73 1.8 0.000116531   
 15 83 2.0 0.000131712   
 20 92 1.8 0.00012062   
 25 102 2.0 0.000136416   
 30 109 1.4 9.70406E-05   
 40 125 1.6 0.000113402   
 50 140 1.5 0.000109633   
 60 154 1.4 0.000105402   
 75         
 90         
 110         
 130         
         
     Average k= 0.000126877   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 11/10/2004    B.H.No.: RB32  
 Elevation: 224 m    Test depth: 5.5 m  
 Coordinates:  X: 248695 Y: 2116848 Inner dia:  5.5 cm  
 Upper Tupe Length:  100 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 46       
 20s 53 42.0 0.00276843   
 30s 57 24.0 0.00159791   
 40s 61 24.0 0.001609725   
 50s 64 18.0 0.001215153   
 1 67 18.0 0.001221973   
 2 96 29.0 0.00203001   
 3 115 19.0 0.001394365   
 4 132 17.0 0.001294696   
 5 154 22.0 0.001747133   
 10 239 17.0 0.001534457   
 15 298 11.8 0.001295044   
 20 340 8.4 0.001086724   
 25 380 8.0 0.001212335   
 30 400 4.0 0.00069168   
 40 441 4.1 0.000832442   
 50 469 2.8 0.000702879   
 60 491 2.2 0.000667111   
 75         
 90         
 110         
 130         
         
     Average k= 0.001366394   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing       
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 08/10/2004    B.H.No.: RB33  
 Elevation: 240 m    Test depth: 6.19 m  
 Coordinates:  X: 246888 Y: 2126040 Inner dia:  5.5 cm  
 Upper Tupe Length:  500 cm   Outer dia: 6.0 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (m/s)   
 10s 13       
 20s 22 54.0 0.010299218   
 30s 28 36.0 0.002271822   
 40s 33 30.0 0.001911463   
 50s 38 30.0 0.001928394   
 1 42 24.0 0.001555109   
 2 66 24.0 0.001595233   
 3 90 46.0 0.003268633   
 4 112 19.0 0.001441001   
 5 131 76.0 0.006415066   
 10 207 5.0 0.000476988   
 15 232 2.6 0.000261004   
 20 245 1.2 0.000123704   
 25 251 1.0 0.000104722   
 30 256 2.0 0.000214091   
 40 266 1.4 0.000155375   
 50 280 3.6 0.000433058   
 60 316 5.3 0.000749505   
 75 369       
 90         
 110         
 130         
         
     Average k= 0.003409549   
 
 
         
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Appendix (A3) 
Falling Head Test 
KNIA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 235
Falling head Test Result 
       
        
 Date: 02/6/2005    B.H.No.: BADM1 
 Elevation: 280 m    Test depth: 195 cm 
 Coordinates:  X: 376413  Y: 2055829 Inner dia:  76.2 cm 
 Upper Tube Length: 90 cm   Outer dia: 88.9 cm 
        
        
        
        
 Time Falling (Reading) Rate of Flow K  
 (min) (cm) (cm/min) (cm/s)  
 10s 3.5      
 20s 4.5 6.0 0.0  
 30s 6.5 12.0 0.000732429  
 40s 9 15.0 0.000919015  
 50s 11 12.0 0.000738015  
 1 23 72.0 0.004481413  
 2 89 66.0 0.004407723  
 3 107 18.0 0.001301221  
 4 115 8.0 0.000593645  
 5 122 7.0 0.000527527  
 10 144 4.4 0.000341941  
 15 154 2.0 0.000160919  
 20 165 2.2 0.000181232  
 25 173 1.6 0.000134707  
 30 178 1.0 8.54797E-05  
 40 190 1.2 0.000104678  
 50 201 1.1 9.86817E-05  
 60 210 0.9 8.27847E-05  
 75 221 0.7 6.92102E-05  
 90 232 0.7 7.12489E-05  
 110     0  
 130     0  
        
     Average k= 0.000158953  
 
         
        
     (cm/s)   
        
        
 D= Dia. Of Casing     
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively. 
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Falling head Test Result 
       
         
 Date: 02/6/2005    B.H.No.: BCAR2  
 Elevation:     Test depth: 145cm  
 Coordinates:  X: 325850 Y: 2004367 Inner dia:  76.2cm  
 Upper Tube Length: 64cm   Outer dia: 88.9 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 0       
 20s 0 0.0 0   
 30s 0 0.0 0   
 40s 0 0.0 0   
 50s 0 0.0 0   
 1 0.2 1.2 7.25835E-05   
 2 1.2 1.0 6.05468E-05   
 3 1.8 0.6 3.63767E-05   
 4 2.2 0.4 2.42714E-05   
 5 2.5 0.3 1.82142E-05   
 10 4 0.3 1.82417E-05   
 15 5.5 0.3 1.82876E-05   
 20 7 0.3 1.83338E-05   
 25 7.5 0.1 6.12159E-06   
 30 9 0.3 1.83958E-05   
 40 11 0.2 1.23003E-05   
 50 12.5 0.2 9.25263E-06   
 60 14.5 0.2 1.23737E-05   
 75 16.5 0.1 8.27733E-06   
 90 18.5 0.1 8.30575E-06   
 110         
 130         
         
     Average k= 1.82693E-05   
 
          
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 02/6/2005    B.H.No.: BCAR4  
 Elevation: 264 m    Test depth: 1.17m  
 Coordinates:  X: 303441 Y: 2006522 Inner dia:  76.2 cm  
 Upper Tube Length:  43 cm   Outer dia: 88.9 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 0.3       
 20s 0.5 1.2 7.26198E-05   
 30s 0.8 1.8 0.000108975  
 40s 1 1.2 7.26804E-05   
 50s 1 0.0 0   
 1 1.1 0.6 3.63493E-05   
 2 1.8 0.7 4.24359E-05   
 3 2.1 0.3 1.8202E-05   
 4 2.6 0.5 3.0357E-05   
 5 2.9 0.3 1.82264E-05   
 10 4.8 0.4 2.31294E-05   
 15 6.2 0.3 1.709E-05   
 20 8 0.4 2.20322E-05   
 25 9.2 0.2 1.47254E-05   
 30 11 0.4 2.21442E-05   
 40 13.5 0.3 1.54342E-05   
 50 15.8 0.2 1.42577E-05   
 60 18 0.2 1.36904E-05   
 75 21 0.2 1.25016E-05   
 90 24 0.2 1.25665E-05   
 110         
 130         
         
     Average k= 1.36901E-05   
 
          
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 4/6/2005    B.H.No.: BTER1  
 Elevation: 296 m    Test depth: 1.93m  
 Coordinates:  X: 298039 Y: 2013672 Inner dia:  7.62 cm  
 Upper Tube Length:  92 cm   Outer dia: 8.89cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 2.8       
 20s 3.4 3.6 0.000218845   
 30s 4 3.6 0.000219065   
 40s 4.5 3.0 0.000182723   
 50s 5 3.0 0.000182876   
 1 5.8 4.8 0.000292922   
 2 8.8 3.0 0.000183664   
 3 11.5 2.7 0.000166096   
 4 14 2.5 0.000154473   
 5 16 2.0 0.000124054   
 10 24 1.6 0.0001001   
 15 29 1.0 6.3271E-05   
 20 36 1.4 8.95166E-05   
 25 37.5 0.3 1.93266E-05   
 30 41 0.7 4.52966E-05   
 40 46 0.5 3.26019E-05   
 50 51 0.5 3.28975E-05   
 60 56 0.5 3.31985E-05   
 75 61 0.3 2.23367E-05   
 90 66 0.3 2.25449E-05   
 110         
 130         
         
     Average k= 3.28993E-05   
 
          
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 5/6/2005    B.H.No.: BTER5  
 Elevation: 251 m    Test depth: 2.12 m  
 Coordinates:  X: 263218 Y: 2018888 Inner dia:  7.62cm  
 Upper Tube Length:  98 cm   Outer dia: 8.89cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 0       
 20s 0 0.0 0   
 30s 0 0.0 0   
 40s 0 0.0 0   
 50s 0 0.0 0   
 1 0 0.0 0   
 2 0 0.0 0   
 3 0.2 0.2 1.20973E-05   
 4 0.2 0.0 0   
 5 0.2 0.0 0   
 10 0.3 0.0 1.21003E-06   
 15 0.7 0.1 4.84213E-06   
 20 0.9 0.0 2.42228E-06   
 25 1 0.0 1.21144E-06   
 30 1.1 0.0 1.21164E-06   
 40 1.5 0.0 2.4243E-06   
 50 1.5 0.0 0   
 60 1.8 0.0 1.81929E-06   
 75 2 0.0 8.08911E-07   
 90 2.4 0.0 1.61863E-06   
 110         
 130         
         
     Average k= 2.2203E-06   
 
          
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 4/6/2005    B.H.No.: BHOT  
 Elevation: 254 m    Test depth: 2.54m  
 Coordinates:  X: 277032 Y:2012890 Inner dia:  7.62cm  
 Upper Tube Length:  56 cm   Outer dia: 8.89cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 1.5       
 20s 1.5 0.0 0   
 30s 1.6 0.6 3.63797E-05   
 40s 1.7 0.6 3.63858E-05   
 50s 1.7 0.0 0   
 1 1.8 0.6 3.63919E-05   
 2 1.8 0.0 0   
 3 2 0.2 1.21337E-05   
 4 2 0.0 0   
 5 2 0.0 0   
 10 2.8 0.2 9.71505E-06   
 15 2.8 0.0 0   
 20 2.8 0.0 0   
 25 2.8 0.0 0   
 30 2.8 0.0 0   
 40 2.9 0.0 6.07648E-07   
 50 3 0.0 6.0775E-07   
 60 3 0.0 0   
 75 3 0.0 0   
 90 3 0.0 0   
 110         
 130         
         
     Average k= 6.07699E-07   
 
          
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
        
 Date: 5/6/2005    B.H.No.: BHS2 
 Elevation: 265 m    Test depth: 1.655 m 
 Coordinates:  X: 262157 Y: 2020380 Inner dia:  7.62cm 
 Upper Tube Length:  54 cm   Outer dia: 8.89 cm 
        
        
        
        
 Time Falling (Reading) Rate of Flow K  
 (min) (cm) (cm/min) (cm/s)  
 10s 0      
 20s 0 0.0 0  
 30s 0.2 1.2 7.25835E-05  
 40s 0.2 0.0 0  
 50s 0.2 0.0 0  
 1 0.3 0.6 3.63008E-05  
 2 0.5 0.2 1.21033E-05  
 3 0.8 0.3 1.81625E-05  
 4 1 0.2 1.21134E-05  
 5 1.2 0.2 1.21175E-05  
 10 1.8 0.1 7.27533E-06  
 15 2 0.0 2.42673E-06  
 20 2.2 0.0 2.42754E-06  
 25 2.5 0.1 3.64284E-06  
 30 2.5 0.0 0  
 40 2.6 0.0 6.07343E-07  
 50 2.9 0.0 1.82264E-06  
 60 3.2 0.0 1.82356E-06  
 75 3.6 0.0 1.62189E-06  
 90 3.6 0.0 0  
 105 3.8 0.0 0  
 120 4.2 0.0 0  
        
     Average k= 1.81595E-05  
 
         
        
     (cm/s)   
        
        
 D= Dia. Of Casing     
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively. 
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Falling head Test Result 
       
         
 Date: 2/6/2005    B.H.No.: BGAS1  
 Elevation:     Test depth: 1.24m  
 Coordinates:  X: 256424 Y: 2058525 Inner dia:  7.62 cm  
 Upper Tube Length: 44 cm   Outer dia: 8.89 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 0       
 20s 0 0.0 0   
 30s 0 0.0 0   
 40s 0 0.0 0   
 50s 0 0.0 0   
 1 0 0.0 0   
 2 0 0.0 0   
 3 0 0.0 0   
 4 0.2 0.2 1.20973E-05   
 5 0.2 0.0 0   
 10 0.2 0.0 0   
 15 0.5 0.1 3.63069E-06   
 20 0.7 0.0 2.42147E-06   
 25 1 0.1 3.63372E-06   
 30 1 0.0 0   
 40 1.5 0.1 3.03012E-06   
 50 1.9 0.0 2.42592E-06   
 60 1.9 0.0 0   
 75         
 90         
 110         
 130         
         
     Average k= 3.22863E-06   
 
          
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 31/5/2005    B.H.No.: BA1  
 Elevation: 237m    Test depth: 0.77m  
 Coordinates:  X: 250596 Y: 2087620 Inner dia:  7.62 cm  
 Upper Tube Length:  83 cm   Outer dia: 8.89 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 45       
 20s 53 48.0 0.003161061   
 30s 58 30.0 0.001999227   
 40s 62 24.0 0.001612706   
 50s 65 18.0 0.001217418   
 1 68 18.0 0.001224264   
 2 80 12.0 0.000827847   
 3 89 9.0 0.00063352   
 4 97 8.0 0.000572568   
 5 102 5.0 0.000362498   
 10 116 2.8 0.000206939   
 15 126 2.0 0.000151512   
 20 135 1.8 0.000139119   
 25 142 1.4 0.000110078   
 30 146 0.8 6.36596E-05   
 40         
 50         
 60         
 75         
 90         
 110         
 130         
         
     Average k= 0.000133569   
 
          
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 31/5/2005    B.H.No.: BZ1  
 Elevation: 221m    Test depth: 2.2m  
 Coordinates:  X: 243850 Y: 2105967 Inner dia:  7.62cm  
 Upper Tube Length:  94cm   Outer dia: 8.89cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 0       
 20s 0 0.0 0   
 30s 0 0.0 0   
 40s 0 0.0 0   
 50s 0 0.0 0   
 1 0 0.0 0   
 2 0.3 0.3 1.81474E-05   
 3 0.8 0.5 3.02658E-05   
 4 1 0.2 1.21134E-05   
 5 1.2 0.2 1.21175E-05   
 10 1.5 0.1 3.63675E-06   
 15 2 0.1 6.06531E-06   
 20 2 0.0 0   
 25 2 0.0 0   
 30 2.2 0.0 2.42754E-06   
 40 2.5 0.0 1.82142E-06   
 50 2.7 0.0 1.21479E-06   
 60 3 0.0 1.82294E-06   
 75 3 0.0 0   
 90 3 0.0 0   
 110         
 130         
         
     Average k= 1.82167E-06   
 
          
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 31/5/2005    B.H.No.: BZ4  
 Elevation: 229m    Test depth: 1.97m  
 Coordinates:  X: 246233 Y: 2135950 Inner dia:  7.62 cm  
 Upper Tube Length:  88cm   Outer dia: 8.89 cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 4.5       
 20s 5 3.0 0.000182876   
 30s 5.5 3.0 0.00018303   
 40s 6 3.0 0.000183184   
 50s 6 0.0 0   
 1 6 0.0 0   
 2 7 1.0 6.11385E-05   
 3 8 1.0 6.12417E-05   
 4 9 1.0 6.13453E-05   
 5 9.7 0.7 4.30035E-05   
 10 12 0.5 2.83314E-05   
 15 13.2 0.2 1.48256E-05   
 20 14.8 0.3 1.98147E-05   
 25 15 0.0 2.48065E-06   
 30 16.2 0.2 1.49017E-05   
 40 17.8 0.2 9.95835E-06   
 50 18.6 0.1 4.98944E-06   
 60 19.9 0.1 8.12251E-06   
 75 21.8 0.1 7.9361E-06   
 90 28 0.4 2.60794E-05   
 110         
 130         
         
     Average k= 4.13858E-05   
 
          
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 31/5/2005    B.H.No.: BZ5  
 Elevation: 224m    Test depth: 2.0m  
 Coordinates:  X: 248152 Y: 2147117 Inner dia:  7.62cm  
 Upper Tube Length:  85 cm   Outer dia: 8.89cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 7       
 20s 7.5 3.0 0.000183648   
 30s 8 3.0 0.000183803   
 40s 8.3 1.8 0.000110356   
 50s 8.6 1.8 0.000110412   
 1 9 2.4 0.000147303   
 2 10.5 1.5 9.22128E-05   
 3 11.8 1.3 8.01077E-05   
 4 13.3 1.5 9.26523E-05   
 5 14.5 1.2 7.42926E-05   
 10 19.3 1.0 5.97402E-05   
 15 22 0.5 3.38212E-05   
 20 25.5 0.7 4.40782E-05   
 25 28 0.5 3.16492E-05   
 30 31 0.6 3.81621E-05   
 40 36 0.5 3.20264E-05   
 50 43 0.7 4.53173E-05   
 60 48 0.5 3.27195E-05   
 75 54.5 0.4 2.86542E-05   
 90 60 0.4 2.45138E-05   
 110         
 130         
         
     Average k= 3.68248E-05   
 
          
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 28/5/2005    B.H.No.: BX2  
 Elevation: 287m    Test depth: 2.06 m  
 Coordinates:  X: 390409 Y: 2059799 Inner dia:  7.62cm  
 Upper Tupe Length:  79 cm   Outer dia: 8.89cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 3       
 20s 5.2 13.2 0.000803779   
 30s 9 22.8 0.001395374   
 40s 11.5 15.0 0.000922911   
 50s 13.3 10.8 0.000666927   
 1 14.5 7.2 0.000445755   
 2 30 15.5 0.000973539   
 3 47 17.0 0.001098672   
 4 60 13.0 0.000863196   
 5 68 8.0 0.000541588   
 10 106 7.6 0.000537812   
 15 137 6.2 0.000470324   
 20 163 5.2 0.000419418   
 25 182 3.8 0.000322593   
 30 197 3.0 0.000265211   
 40 216 1.9 0.000175238   
 50 230 1.4 0.000134763   
 60 239 0.9 8.93537E-05   
 75 249 0.7 6.79552E-05   
 90 256 0.5 4.87307E-05   
 110         
 130         
         
     Average k= 0.000224451   
 
          
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 28/5/2005    B.H.No.: BC2  
 Elevation: 299m     Test depth: 2.13m  
 Coordinates:  X: 383187 Y: 2058215 Inner dia:  7.62cm  
 Upper Tube Length:  72cm   Outer dia: 8.89cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 4.5       
 20s 4.8 1.8 0.000109707   
 30s 5 1.2 7.3169E-05   
 40s 5 0.0 0   
 50s 5 0.0 0   
 1 5 0.0 0   
 2 5 0.0 0   
 3 5.2 0.2 1.21989E-05   
 4 5.2 0.0 0   
 5 5.5 0.3 1.83061E-05   
 10 6 0.1 6.10614E-06   
 15 6.5 0.1 6.11128E-06   
 20 7 0.1 6.11643E-06   
 25 7.2 0.0 2.44802E-06   
 30 7.5 0.1 3.67357E-06   
 40 8 0.1 3.06338E-06   
 50 8.8 0.1 4.90679E-06   
 60 9.8 0.1 6.14283E-06   
 75 11 0.1 4.92344E-06   
 90 12.2 0.1 4.93348E-06   
 110 13 0.0 0   
 130 13.8 0.0 0   
         
     Average k= 5.22663E-06   
 
          
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 28/5/2005    B.H.No.: BE1  
 Elevation: 299m    Test depth: 1.85m  
 Coordinates:  X: 383187 Y: 2058215 Inner dia:  7.62cm  
 Upper Tube Length:  100cm   Outer dia: 8.89cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 4.4       
 20s 5 3.6 0.000219433   
 30s 5.3 1.8 0.0001098   
 40s 5.4 0.6 3.66122E-05   
 50s 5.4 0.0 0   
 1 5.4 0.0 0   
 2 5.5 0.1 6.10306E-06   
 3 5.8 0.3 1.83153E-05   
 4 6 0.2 1.22154E-05   
 5 6.5 0.5 3.05564E-05   
 10 7.5 0.2 1.2238E-05   
 15 8.3 0.2 9.80529E-06   
 20 9 0.1 8.59051E-06   
 25 9.7 0.1 8.6007E-06   
 30 10 0.1 3.68913E-06   
 40 11 0.1 6.15534E-06   
 50 12 0.1 6.1658E-06   
 60 12.8 0.1 4.94019E-06   
 75 14 0.1 4.94862E-06   
 90 15.2 0.1 4.95876E-06   
 110         
 130         
         
     Average k= 1.83313E-05   
 
          
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Falling head Test Result 
       
         
 Date: 24/5/2005    B.H.No.: BE2  
 Elevation: 292m     Test depth: 1.85m  
 Coordinates:  X: 381414 Y: 2056549 Inner dia:  7.62 cm  
 Upper Tube Length:  100 cm   Outer dia: 8.89cm  
         
         
         
         
 Time Falling (Reading) Rate of Flow K   
 (min) (cm) (cm/min) (cm/s)   
 10s 2       
 20s 2 0.0 0   
 30s 3 6.0 0.000364375   
 40s 2.5 -3.0 -0.000182264   
 50s 2.5 0.0 0   
 1 2.5 0.0 0   
 2 3 0.5 3.03773E-05   
 3 3.9 0.9 5.47434E-05   
 4 4 0.1 6.0877E-06   
 5 4.5 0.5 3.04538E-05   
 10 6 0.3 1.8303E-05   
 15 7 0.2 1.22277E-05   
 20 8.5 0.3 1.83803E-05   
 25 9.4 0.2 1.10506E-05   
 30 10 0.1 7.3764E-06   
 40 11.9 0.2 1.17041E-05   
 50 13.5 0.2 9.88544E-06   
 60 14.3 0.1 4.95284E-06   
 75 16 0.1 7.03152E-06   
 90 18 0.1 8.29863E-06   
 110         
 130         
         
     Average k= 1.38862E-05   
 
          
         
     (cm/s)    
         
         
 D= Dia. Of Casing      
 H1 and H2 (cm) are the pressure head at times t1 and t2 (sec), respectively.  
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Appendix (B1) 
Lugeon Test 
Merowe Irrigation Project 
   Left Bank
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                                                  Field Data of Lugeon Permeability Test 
                                                                                                                                                                                             Sheet 1of 2               
 Borehole No:       LB3                                                      Test Stage Characteristic (length measured down line of bore hole): 
                                                                                         (A) Length of casing above the ground level (m):                                0.5 
Borehole Test No:  1/1                                                    (B) Length of casing below the ground level (m):                                0.8 
                                                                                        (C) Depth of the bottom packer (m):                                                      5 
Date of Test: 12/4/2004                                                  (D) Depth of the borehole (m):                                                              8  
                                                                                        (h0) Height of pressure gauge from ground level (m):                         1.5 
Packer Type: Pneumatic Single                                      (h1) Depth to center of test section (m):                                               6.5 
                                                                                        (hw)  Depth of ground water from G.L (m):                                         0 
Packer Pressure:    30 bar                                                Depth of water used for drilling (m):                                                  1.55 
 
Time (min) Total Volume Test 
Period 
Gauge 
pressure 
(bar) 0 1 2 3 4 5 6 7 8 9 10 (m
3) (Lt) 
Average 
Flow 
(Lt/min) 
First 0.5 0.6549 0.65787 0.66045 0.66285 0.66505 0.667 0.66898 0.67095 0.6729 0.67466 0.6763 0.02140 21.4 2.14 
Second 1 0.6785 0.68345 0.6883 0.69255 0.6968 0.70105 0.7055 0.7055 0.714 0.71825 0.7255 0.044 44 4.4 
Third 1.5 0.931 0.967 1.0027 1.0386 1.0741 1.1096 1.145 1.794 1.2143 1.2497 1.2862 0.3552 355.2 35.52 
Forth 1 0.309 0.3356 0.3622 0.3884 0.4143 0.4445 0.466 0.466 0.5148 0.5392 0.5641 0.2551 255.1 25.51 
Fifth 0.5 0.575 0.589 0.6032 0.6174 0.6308 0.6445 0.6582 0.6582 0.6851 0.6988 0.7124 0.1374 137.4 13.74 
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                                                                 Calculation Data from LUGEON Permeability Test 
                                                                                                                                                                                                                            Sheet 2 of 2 
Borehole technical Characteristic                                                                                                               Hydraulic characteristic of the tested 
 (d) Hole diameter (mm):                         59                                                                                         Specific weight of water (Kg/m3):             1 
(L) Length of hole tested (m):                  3                                                                                           Internal diameter of pipe (mm):                 20 
                                                                                                                                                               Length of pipe and packer (m):                 26.53  
 
Test Period Manometer Pressure(bar) 
Height of Water 
(ho+hw)  (m) 
Flow 
(Lt/min) 
Loss of Pressure 
(bar) 
Effective   
Pressure (bar) 
Specific Absorption Flow 
(lt/min/m) 
Coeffic.of 
permeability Lugeon
First 1 1.5 2.14 0 0.5 0.713 14.267 
Second 2 1.5 4.4 0 1 1.467 14.667 
Third 3 1.5 35.52 0 1.5 11.84 78.933 
Forth 2 1.5 25.51 0 1 8.503 85.033 
Fifth 1 1.5 13.74 0 0.5 4.58 91.6 
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                                                   Field Data of Lugeon Permeability Test 
                                                                                                                                                                              Sheet 1of 2                    
 Borehole No:       LB4                                                      Test Stage Characteristic (length measured down line of bore hole): 
                                                                                        (A) Length of casing above the ground level (m):                                0.24 
Borehole Test No:  1/12                                                  (B) Length of casing below the ground level (m):                                1.26 
                                                                                        (C) Depth of the bottom packer (m):                                                      3.5 
Date of Test: 12/9/2004                                                  (D) Depth of the borehole (m):                                                              6.5  
                                                                                        (h0) Height of pressure gauge from ground level (m):                           1.5 
Packer Type: Pneumatic Single                                      (h1) Depth to center of test section (m):                                                5 
                                                                                        (hw)  Depth of ground water from G.L (m):                                           0 
Packer Pressure:    25 bar                                                Depth of water used for drilling (m):                                                     1 
 
                                                                            Time (min) Total Volume Test 
Period 
Gauge 
pressure 
(bar) 
0 1 2 3 4 5 6 7 8 9 10 (m3) (Lt) 
Average 
Flow 
(Lt/min) 
First 0.5 0.4015 0.4084 0.4155 0.4224 0.429 0.4353 0.4416 0.4478 0.4542 0.4603 0.4663 0.0648 64.8 6.48 
Second 1 0.494 0.5113 0.5287 0.548 0.566 0.5852 0.6052 0.6257 0.6467 0.6674 0.5113 0.19310 193.1 19.31 
Third 1.5 0.827 0.8574 0.8889 0.9151 0.9437 0.9722 1.0017 1.0317 1.0611 1.0905 1.1192 0.2922 292.2 29.22 
Forth 1 0.136 0.1571 0.1781 0.199 0.2195 0.2395 0.2591 0.2788 0.2984 0.3178 0.3369 0.2009 200.9 20.09 
Fifth 0.5 0.349 0.359 0.3689 0.3785 0.3893 0.3987 0.4075 0.4179 0.4274 0.4362 0.4449 0.0959 95.9 9.59 
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                                                                Calculation Data from LUGEON Permeability Test 
                                                                                                                                                                                                                            Sheet 2 of 2 
Borehole technical Characteristic                                                                                                               Hydraulic characteristic of the tested 
 (d) Hole diameter (mm):                         59                                                                                         Specific weight of water (Kg/m3):             1 
(L) Length of hole tested (m):                  3                                                                                           Internal diameter of pipe (mm):                 20 
                                                                                                                                                               Length of pipe and packer (m):                  26.53  
 
Test Period Manometer Pressure(bar) 
Height of Water 
(ho+hw)  (m) 
Flow 
(Lt/min) 
Loss of Pressure 
(bar) 
Effective   
Pressure (bar) 
Specific Absorption Flow 
(lt/min/m) 
Coeffic.of 
permeability Lugeon
First 1 1.5 6.48 0 0.5 2.16 43.2 
Second 2 1.5 19.31 0 1 6.437 64.367 
Third 3 1.5 29.22 0 1.5 9.74 64.933 
Forth 2 1.5 20.09 0 1 6.697 66.967 
Fifth 1 1.5 9.59 0 0.5 3.197 63.933 
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                                                  Field Data of Lugeon Permeability Test 
                                                                                                                                                                              Sheet 1of 2                    
 Borehole No:       LB4                                                      Test Stage Characteristic (length measured down line of bore hole): 
                                                                                        (A) Length of casing above the ground level (m):                                0.24 
Borehole Test No:  2/2                                                   (B) Length of casing below the ground level (m):                                1.26 
                                                                                       (C) Depth of the bottom packer (m):                                                      9 
Date of Test: 10/12/2004                                                (D) Depth of the borehole (m):                                                              12  
                                                                                       (h0) Height of pressure gauge from ground level (m):                           1.5 
Packer Type: Pneumatic Single                                     (h1) Depth to center of test section (m):                                                10.5 
                                                                                       (hw)  Depth of ground water from G.L (m):                                           0 
Packer Pressure:    25 bar                                                Depth of water used for drilling (m):                                                    10.46 
 
                                                                            Time (min) Total Volume Test 
Period 
Gauge 
pressure 
(bar) 
0 1 2 3 4 5 6 7 8 9 10 (m3) (Lt) 
Average 
Flow 
(Lt/min) 
First 1 0.53215 0.53267 0.53307 0.53357 0.53392 0.5347 0.53515 0.53577 0.53632 0.53675 0.5372 0.00505 5.05 0.505 
Second 2 0.5408 0.54255 0.5442 0.54582 0.54756 0.54898 0.5509 0.55235 0.55398 0.55555 0.55715 0.01635 16.35 1.635 
Third 3 0.5751 0.5773 0.58 0.58247 0.58493 0.58729 0.58965 0.59195 0.59435 0.5967 0.5991 0.024 24.00 2.40 
Forth 2 0.6013 0.60285 0.60415 0.60555 0.6068 0.6081 0.60935 0.61085 0.61215 0.61365 0.6152 0.0139 13.9 1.39 
Fifth 1 0.61695 0.61729 0.6177 0.61806 0.61862 0.61902 0.61949 0.6199 0.62035 0.62075 0.62115 0.00420 4.20 0.42 
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                                                                Calculation Data from LUGEON Permeability Test 
                                                                                                                                                                                                                            Sheet 2 of 2 
Borehole technical Characteristic                                                                                                               Hydraulic characteristic of the tested 
 (d) Hole diameter (mm):                         59                                                                                         Specific weight of water (Kg/m3):             1 
(L) Length of hole tested (m):                  3                                                                                           Internal diameter of pipe (mm):                 20 
                                                                                                                                                               Length of pipe and packer (m):                   26.53  
 
Test Period Manometer Pressure(bar) 
Height of Water 
(ho+hw)  (m) 
Flow 
(Lt/min) 
Loss of Pressure 
(bar) 
Effective   
Pressure (bar) 
Specific Absorption Flow 
(lt/min/m) 
Coeffic.of 
permeability Lugeon
First 1 1.5 0.505 0 1 0.168 1.683 
Second 2 1.5 1.635 0 2 0.545 2.725 
Third 3 1.5 2.4 0 3 0.800 2.667 
Forth 2 1.5 1.39 0 2 0.463 2.317 
Fifth 1 1.5 0.42 0 1 0.14 1.400 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 258
                                                  Field Data of Lugeon Permeability Test 
                                                                                                                                                                              Sheet 1of 2                    
 Borehole No:       LB6                                                      Test Stage Characteristic (length measured down line of bore hole): 
                                                                                         (A) Length of casing above the ground level (m):                                  0 
Borehole Test No:  1/2                                                     (B) Length of casing below the ground level (m):                                  0 
                                                                                          (C) Depth of the bottom packer (m):                                                      4 
Date of Test: 11/07/2004                                                  (D) Depth of the borehole (m):                                                              10  
                                                                                         (h0) Height of pressure gauge from ground level (m):                           1.53 
Packer Type: Pneumatic Double                                      (h1) Depth to center of test section (m):                                                4.5 
                                                                                         (hw)  Depth of ground water from G.L (m):                                            0 
Packer Pressure:    25 bar                                                 Depth of water used for drilling (m):                                                      9 
 
                                                                            Time (min) Total Volume Test 
Period 
Gauge 
pressure 
(bar) 
0 1 2 3 4 5 6 7 8 9 10 (m3) (Lt) 
Average 
Flow 
(Lt/min) 
First 0.5 3.2106 3.216 3.222 3.227 3.2324 3.2378 3.2428 3.248 3.253 3.258 3.2636 0.0530 53.00 5.3 
Second 1 3.2856 3.296 3.3062 3.3166 3.327 3.3372 3.3472 3.357 3.3668 3.3766 3.3862 0.1006 100.60 10.06 
Third 2 3.775 3.7963 3.8173 3.8388 3.8604 3.882 3.9039 3.9273 3.9511 3.9753 3.9997 0.22470 224.70 22.47 
Forth 1 4.016 4.0305 4.045 4.0593 4.0738 4.0882 4.1025 4.1168 4.131 4.1453 4.1596 0.14360 143.6 14.36 
Fifth 0.5 4.1737 4.1814 4.1892 4.197 4.2049 4.2129 4.2209 4.2288 4.2268 4.2447 4.2527 0.07900 79.00 7.9 
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                                                                Calculation Data from LUGEON Permeability Test 
                                                                                                                                                                                                                            Sheet 2 of 2 
Borehole technical Characteristic                                                                                                               Hydraulic characteristic of the tested 
 (d) Hole diameter (mm):                         59                                                                                         Specific weight of water (Kg/m3):             1 
(L) Length of hole tested (m):                  6                                                                                          Internal diameter of pipe (mm):                 20 
                                                                                                                                                             Length of pipe and packer (m):                   26.53  
 
Test Period Manometer Pressure(bar) 
Height of Water 
(ho+hw)  (m) 
Flow 
(Lt/min) 
Loss of Pressure 
(bar) 
Effective   
Pressure (bar) 
Specific Absorption Flow 
(lt/min/m) 
Coeffic.of 
permeability Lugeon 
First 1 1.53 5.3 0 0.5 0.883 17.667 
Second 2 1.53 10.06 0 1 1.677 16.767 
Third 3 1.53 22.47 0 2 3.745 18.725 
Forth 2 1.53 14.36 0 1 3.393 23.933 
Fifth 1 1.53 7.9 0 0.5 1.317 26.333 
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                                                  Field Data of Lugeon Permeability Test 
                                                                                                                                                                              Sheet 1of 2                    
 Borehole No:       LB6                                                      Test Stage Characteristic (length measured down line of bore hole): 
                                                                                         (A) Length of casing above the ground level (m):                                0.2 
Borehole Test No:  2/2                                                     (B) Length of casing below the ground level (m):                                0.4 
                                                                                         (C) Depth of the bottom packer (m):                                                     7 
Date of Test: 24/10/2004                                                 (D) Depth of the borehole (m):                                                              10  
                                                                                        (h0) Height of pressure gauge from ground level (m):                           1.5 
Packer Type: Pneumatic Single                                      (h1) Depth to center of test section (m):                                                8.5 
                                                                                        (hw)  Depth of ground water from G.L (m):                                           0 
Packer Pressure:    25 bar                                                Depth of water used for drilling (m):                                                     9 
 
                                                                            Time (min) Total Volume Test 
Period 
Gauge 
pressure 
(bar) 
0 1 2 3 4 5 6 7 8 9 10 (m3) (Lt) 
Average 
Flow 
(Lt/min) 
First 0.5 0.3808 0.40193 0.4275 0.4507 0.4689 0.4821 0.4975 0.5132 0.5291 0.5459 0.5607 0.1799 179.9 17.99 
Second 1 0.78065 0.8033 0.8268 0.8505 0.881 0.9129 0.9411 0.963 0.9877 1.0022 1.0265 0.24585 245.85 24.585 
Third 1.5 1.3644 1.406 1.4552 1.5015 1.5281 1.5709 1.619 1.656 1.7023 1.7487 1.7971 0.43270 432.7 43.27 
Forth 1 1.8181 1.8473 1.8867 1.924 1.9621 1.9992 2.0372 2.0779 2.1161 2.1558 2.1932 0.37510 375.10 37.51 
Fifth 0.5 2.2102 2.23115 2.2417 2.25265 2.2636 2.27825 2.2965 2.3158 2.3328 2.3508 2.3697 0.15950 159.50 15.95 
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                                                                Calculation Data from LUGEON Permeability Test 
                                                                                                                                                                                                                            Sheet 2 of 2 
Borehole technical Characteristic                                                                                                               Hydraulic characteristic of the tested 
 (d) Hole diameter (mm):                         59                                                                                         Specific weight of water (Kg/m3):             1 
(L) Length of hole tested (m):                  3                                                                                         Internal diameter of pipe (mm):                 20 
                                                                                                                                                             Length of pipe and packer (m):                26.53  
 
Test Period Manometer Pressure(bar) 
Height of Water 
(ho+hw)  (m) 
Flow 
(Lt/min) 
Loss of Pressure 
(bar) 
Effective   
Pressure (bar) 
Specific Absorption Flow 
(lt/min/m) 
Coeffic.of 
permeability Lugeon
First 1 1.5 17.99 0 0.5 5.997 119.933 
Second 2 1.5 24.585 0 1 8.195 81.950 
Third 3 1.5 43.27 0 1.5 14.423 96.156 
Forth 2 1.5 37.51 0 1 12.503 125.033 
Fifth 1 1.5 15.95 0 0.5 5.317 106.333 
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                                                  Field Data of Lugeon Permeability Test 
                                                                                                                                                                              Sheet 1of 2                    
 Borehole No:       LB8                                                      Test Stage Characteristic (length measured down line of bore hole): 
                                                                                        (A) Length of casing above the ground level (m):                                0.35 
Borehole Test No:  1/1                                                   (B) Length of casing below the ground level (m):                                0.65 
                                                                                       (C) Depth of the bottom packer (m):                                                       4 
Date of Test: 23/10/2004                                               (D) Depth of the borehole (m):                                                                7  
                                                                                       (h0) Height of pressure gauge from ground level (m):                          1.5 
Packer Type: Pneumatic Single                                     (h1) Depth to center of test section (m):                                                5.5 
                                                                                       (hw)  Depth of ground water from G.L (m):                                            0 
Packer Pressure:    25 bar                                               Depth of water used for drilling (m):                                                      6.5 
 
                                                                            Time (min) Total Volume Test 
Period 
Gauge 
pressure 
(bar) 
0 1 2 3 4 5 6 7 8 9 10 (m3) (Lt) 
Average 
Flow 
(Lt/min) 
First 0.5 0.3101 0.3101 0.3101 0.3101 0.3101 0.3101 0.31015 0.31015 0.31015 0.31015 0.31015 0.00005 0.05 0.005 
Second 1 0.31605 0.31605 0.31605 0.31605 0.3161 0.3161 0.3161 0.3161 0.3161 0.3161 0.3161 0.00005 0.05 0.005 
Third 2 0.31815 0.3182 0.31821 0.31835 0.31844 0.31845 0.31857 0.31889 0.31898 0.31899 0.31908 0.00093 0.93 0.09 
Forth 1 0.3192 0.3192 0.3193 0.3194 0.31941 31941 0.31941 0.31941 0.319419 0.31942 0.31942 0.00022 0.22 0.022 
Fifth 0.5 0.31942 0.31942 0.31942 0.31942 0.31942 0.31942 0.31942 0.31942 0.31942 0.31942 0.31942 0.00000 0.00 0 
 
                                                                              
 
 
 
 
 
 
 
 
 
 
 
 
 263
                                                                Calculation Data from LUGEON Permeability Test 
                                                                                                                                                                                                                            Sheet 2 of 2 
Borehole technical Characteristic                                                                                                               Hydraulic characteristic of the tested 
 (d) Hole diameter (mm):                         59                                                                                         Specific weight of water (Kg/m3):             1 
(L) Length of hole tested (m):                  3                                                                                         Internal diameter of pipe (mm):                 20 
                                                                                                                                                             Length of pipe and packer (m):                26.53  
 
Test Period Manometer Pressure(bar) 
Height of Water 
(ho+hw)  (m) 
Flow 
(Lt/min) 
Loss of Pressure 
(bar) 
Effective   
Pressure (bar) 
Specific Absorption Flow 
(lt/min/m) 
Coeffic.of 
permeability Lugeon
First 1 1.5 0.005 0 0.5 0.002 0.033 
Second 2 1.5 0.005 0 1 0.002 0.017 
Third 3 1.5 0.09 0 2 0.031 0.155 
Forth 2 1.5 0.022 0 1 0.007 0.073 
Fifth 1 1.5 0 0 0.5 0.000 0.000 
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Appendix (B2) 
Lugeon Test 
Merowe Irrigation Project 
                               Right Bank 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                 Field Data of Lugeon 
Permeability Test 
                                                                                                                                                      
Sheet 1of 2                    
 Borehole No:       RB1                                                      Test Stage Characteristic 
(length measured down line of bore hole): 
                                                                                           (A) Length of casing above the 
ground level (m):                                0.5 
Borehole Test No:  1/1                                                      (B) Length of casing below the 
ground level (m):                                0.8 
                                                                                          (C) Depth of the bottom packer 
(m):                                                     5 
Date of Test: 12/04/2004                                                  (D) Depth of the borehole (m):                             
8  
                                                                                          (h0) Height of pressure gauge 
from ground level (m):                         1.5 
Packer Type: Pneumatic Single                                       (h1) Depth to center of test 
section (m):                                                6.5 
                                                                                         (hw)  Depth of ground water from 
G.L (m):                                          0 
Packer Pressure:    30 bar                                                 Depth of water used for drilling 
(m):                                                   1.55 
 
                                                                            Time (min) Test 
Period 
Gauge 
pressure 
(bar) 
0 1 2 3 4 5 6 7 8 9 
First 0.5 0.99925 0.99925 0.99925 0.99939 0.99939 0.99939 0.99942 0.99951 0.99952 0.99
Second 1 0.00039 0.00039 0.00042 0.00049 0.00049 0.00049 0.00051 0.00051 0.00053 0.00
Third 2 0.00243 0.00295 0.00345 0.00374 0.00404 0.00442 0.00477 0.00505 0.00532 0.00
Forth 1 0.00617 0.00617 0.00617 0.00617 0.00617 0.00617 0.00617 0.00617 0.00617 0.00
Fifth 0.5 0.00725 0.00725 0.00725 0.00725 0.00725 0.00725 0.00725 0.00725 0.00725 0.00
 
                                                                              
 
 
 
 
 
 
 
 
 
                                                                Calculation Data from LUGEON 
Permeability Test 
 
 
 
  
                                                                                                                                                                              
Sheet 2 of 2 
Borehole technical Characteristic                              
Hydraulic characteristic of the tested 
 (d) Hole diameter (mm):                         59                              
Specific weight of water (Kg/m3):             1 
(L) Length of hole tested (m):                  3                              
Internal diameter of pipe (mm):                 20 
                                                                                                                                                            
Length of pipe and packer (m):                26.53  
 
Test 
Period 
Manometer 
Pressure(bar) 
Height of 
Water 
(ho+hw)  
(m) 
Flow 
(Lt/min)
Loss of 
Pressure
(bar) 
Effective 
Pressure 
(bar) 
Specific 
Absorption 
Flow 
(lt/min/m) 
Coeffic.of 
permeability 
Lugeon 
First 1 1.5 0.029 0 0.5 0.010 0.193 
Second 2 1.5 0.014 0 1 0.005 0.047 
Third 3 1.5 0.349 0 2 0.116 0.582 
Forth 2 1.5 0 0 1 0.000 0.000 
Fifth 1 1.5 0 0 0.5 0.000 0.000 
 
 
 
 
 
 
 
                                                                 Field Data of Lugeon 
Permeability Test 
                                                                                                                                                      
Sheet 1of 2                    
 Borehole No:       RB2                                                     Test Stage Characteristic 
(length measured down line of bore hole): 
                                                                                         (A) Length of casing above the 
ground level (m):                                 0.8 
 
 
 
  
Borehole Test No:  1/2                                                     (B) Length of casing below the 
ground level (m):                                 0.8 
                                                                                         (C) Depth of the bottom packer 
(m):                                                      4.8 
Date of Test: 12/05/2004                                                  (D) Depth of the borehole (m):                              
7.8  
                                                                                          (h0) Height of pressure gauge 
from ground level (m):                           1.5 
Packer Type: Pneumatic Single                                        (h1) Depth to center of test 
section (m):                                                6.3 
                                                                                          (hw)  Depth of ground water 
from G.L (m):                                           0 
Packer Pressure:    25 bar                                                   Depth of water used for drilling 
(m):                                                   1.95 
 
                                                                            Time (min) Test 
Period 
Gauge 
pressure 
(bar) 
0 1 2 3 4 5 6 7 8 9 
First 0.5 0.00921 0.00921 0.00921 0.00921 0.00921 0.00921 0.00921 0.00921 0.00921 0.00
Second 1 0.01037 0.01046 0.01055 0.01057 0.01064 0.01067 0.01067 0.01068 0.01075 0.0
Third 2 0.0195 0.0301 0.04012 0.0497 0.05955 0.06765 0.07655 0.08565 0.09445 0.10
Forth 1 0.122 0.1261 0.12995 0.1336 0.137 0.14045 0.1432 0.1473 0.1508 0.15
Fifth 0.5 0.159 0.16085 0.16275 0.1647 0.16645 0.1683 0.17015 0.172 0.17395 0.17
 
                                                                              
 
 
 
 
 
 
 
 
 
 
                                                                Calculation Data from LUGEON 
Permeability Test 
                                                                                                                                                                              
Sheet 2 of 2 
Borehole technical Characteristic                             
Hydraulic characteristic of the tested 
 (d) Hole diameter (mm):                         59                              
Specific weight of water (Kg/m3):             1 
(L) Length of hole tested (m):                  3                              
Internal diameter of pipe (mm):                 20 
 
 
 
  
                                                                                                                                                             
Length of pipe and packer (m):                26.53  
 
Test 
Period 
Manometer 
Pressure(bar) 
Height of 
Water 
(ho+hw) 
(m) 
Flow 
(Lt/min)
Loss of 
Pressure
(bar) 
Effective 
Pressure 
(bar) 
Specific 
Absorption 
Flow 
(lt/min/m) 
Coeffic.of 
permeability 
Lugeon 
First 1 1.5 0 0 0.5 0.000 0.000 
Second 2 1.5 0.044 0 1 0.015 0.147 
Third 3 1.5 9.23 0 2 3.077 15.383 
Forth 2 1.5 3.497 0 1 1.166 11.657 
Fifth 1 1.5 1.849 0 0.5 0.616 12.327 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                  Field Data of Lugeon 
Permeability Test 
                                                                                                                                                     
Sheet 1of 2                    
 Borehole No:       RB2                                                     Test Stage Characteristic 
(length measured down line of bore hole): 
                                                                                           (A) Length of casing above the 
ground level (m):                                0.5 
Borehole Test No:  2/2                                                      (B) Length of casing below the 
ground level (m):                                0.8 
                                                                                          (C) Depth of the bottom packer 
(m):                                                     11 
Date of Test: 12/06/2004                                                  (D) Depth of the borehole (m):                              
14  
 
 
 
  
                                                                                          (h0) Height of pressure gauge 
from ground level (m):                          1.5 
Packer Type: Pneumatic Single                                        (h1) Depth to center of test 
section (m):                                               12.5 
                                                                                          (hw)  Depth of ground water 
from G.L (m):                                            0 
Packer Pressure:    25 bar                                                   Depth of water used for drilling 
(m):                                                    13.2 
 
                                                                            Time (min) Test 
Period 
Gauge 
pressure 
(bar) 
0 1 2 3 4 5 6 7 8 9 
First 0.5 0.236 0.2508 0.265 0.2797 0.2921 0.3053 0.3181 0.3309 0.3434 0.35
Second 1 0.2135 0.2333 0.2502 0.2666 0.2822 0.2979 0.3132 0.3286 0.3437 0.35
Third 2 0.466 0.4893 0.5112 0.5323 0.5543 0.5757 0.5976 0.619 0.6481 0.67
Forth 1 0.876 0.8931 0.9105 0.9276 0.9446 0.9611 0.9782 0.995 1.0121 1.02
Fifth 0.5 0.064 0.0765 0.0889 0.1013 0.1132 0.1255 0.1377 0.1499 0.1621 0.17
 
                                                                              
 
 
 
 
 
 
 
 
 
 
                                                                Calculation Data from LUGEON 
Permeability Test 
                                                                                                                                                                              
Sheet 2 of 2 
Borehole technical Characteristic                              
Hydraulic characteristic of the tested 
 (d) Hole diameter (mm):                         59                              
Specific weight of water (Kg/m3):             1 
(L) Length of hole tested (m):                  3                              
Internal diameter of pipe (mm):                 20 
                                                                                                                                                               
Length of pipe and packer (m):                26.53  
 
Test 
Period 
Manometer 
Pressure(bar) 
Height of 
Water 
(ho+hw)  
Flow 
(Lt/min)
Loss of 
Pressure
(bar) 
Effective 
Pressure 
(bar) 
Specific 
Absorption 
Flow 
Coeffic.of 
permeability 
Lugeon 
 
 
 
  
(m) (lt/min/m) 
First 1 1.5 13.22 0 0.5 4.407 88.133 
Second 2 1.5 15.96 0 1 5.320 53.200 
Third 3 1.5 23.58 0 2 7.860 39.300 
Forth 2 1.5 16.9 0 1 5.633 56.333 
Fifth 1 1.5 12.25 0 0.5 4.083 81.667 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                 Field Data of Lugeon 
Permeability Test 
                                                                                                                                                      
Sheet 1of 2                    
 Borehole No:       RQ1B1                                                     Test Stage Characteristic 
(length measured down line of bore hole): 
                                                                                            (A) Length of casing above the 
ground level (m):                                    0.35 
Borehole Test No:  1/2                                                        (B) Length of casing below the 
ground level (m):                                   0.65 
                                                                                            (C) Depth of the bottom packer 
(m):                                                         9 
Date of Test: 12/03/2004                                                    (D) Depth of the borehole (m):                              
12  
                                                                                           (h0) Height of pressure gauge 
from ground level (m):                             1.5 
Packer Type: Pneumatic Single                                         (h1) Depth to center of test 
section (m):                                                  10.5 
                                                                                           (hw)  Depth of ground water 
from G.L (m):                                              0 
 
 
 
  
Packer Pressure:    25 bar                                                    Depth of water used for drilling 
(m):                                                       6.3 
 
                                                                            Time (min) Test 
Period 
Gauge 
pressure 
(bar) 0 1 2 3 4 5 6 7 8 
First 1 0.94747 0.94747 0.94747 0.94747 0.94747 0.94747 0.94747 0.94747 0.947
Second 2 0.94762 0.94762 0.94762 0.94762 0.94762 0.94762 0.94762 0.94762 0.94 
Third 3 0.94876 0.94876 0.94876 0.94876 0.94876 0.94876 0.94876 0.94876 0.94 
Forth 2 0.94876 0.94876 0.94876 0.94876 0.94876 0.94876 0.94876 0.94876 0.94 
Fifth 1 0.94876 0.94876 0.94876 0.94876 0.94876 0.94876 0.94876 0.94876 0.94 
 
                                                                              
 
 
 
 
 
 
 
 
 
 
                                                                Calculation Data from LUGEON 
Permeability Test 
                                                                                                                                                                              
Sheet 2 of 2 
Borehole technical Characteristic                              
Hydraulic characteristic of the tested 
 (d) Hole diameter (mm):                         59                              
Specific weight of water (Kg/m3):             1 
(L) Length of hole tested (m):                  3                              
Internal diameter of pipe (mm):                 20 
                                                                                                                                                             
Length of pipe and packer (m):                26.53  
 
Test 
Period 
Manometer 
Pressure(bar) 
Height of 
Water 
(ho+hw)  
(m) 
Flow 
(Lt/min)
Loss of 
Pressure
(bar) 
Effective 
Pressure 
(bar) 
Specific 
Absorption 
Flow 
(lt/min/m) 
Coeffic.of 
permeability 
Lugeon 
First 1 1.5 0 0 1 0.000 0.000 
Second 2 1.5 0 0 2 0.000 0.000 
Third 3 1.5 0 0 3 0.000 0.000 
Forth 2 1.5 0 0 2 0.000  0.000 
Fifth 1 1.5 0 0 1 0.000 0.000 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                             Field Data of Lugeon Permeability 
Test 
                                                                                                                                                      
Sheet 1of 2                    
 Borehole No:       RQ1B1                                                     Test Stage Characteristic 
(length measured down line of bore hole): 
                                                                                           (A) Length of casing above the 
ground level (m):                                 0.35 
Borehole Test No:  2/2                                                      (B) Length of casing below the 
ground level (m):                                 0.65 
                                                                                          (C) Depth of the bottom packer 
(m):                                                       6 
Date of Test: 12/03/2004                                                  (D) Depth of the borehole (m):                              
12  
                                                                                         (h0) Height of pressure gauge 
from ground level (m):                            1.5 
Packer Type: Pneumatic Double                                      (h1) Depth to center of test 
section (m):                                                 4.5 
                                                                                         (hw)  Depth of ground water from 
G.L (m):                                             0 
Packer Pressure:    30 bar                                                 Depth of water used for drilling 
(m):                                                      6.3 
 
                                                                            Time (min) Test 
Period 
Gauge 
pressure 
(bar) 0 1 2 3 4 5 6 7 8 
First 0.5 0.95415 0.95415 0.95417 0.95417 0.95417 0.95417 0.95417 0.95417 0.95 
 
 
 
  
Second 1 0.95614 0.95614 0.95615 0.95615 0.95615 0.95615 0.95615 0.95615 0.95 
Third 2 0.95667 0.95667 0.95667 0.95667 0.95667 0.95667 0.95667 0.95667 0.95 
Forth 1 0.95957 0.95957 0.95957 0.95957 0.95957 0.95957 0.95957 0.95957 0.95 
Fifth 0.5 0.95957 0.95957 0.95957 0.95957 0.95957 0.95957 0.95957 0.95957 0.95 
 
                                                                              
 
 
 
 
 
 
 
 
 
 
                                                                Calculation Data from LUGEON 
Permeability Test 
                                                                                                                                                                             
Sheet 2 of 2 
Borehole technical Characteristic                              
Hydraulic characteristic of the tested 
 (d) Hole diameter (mm):                         59                              
Specific weight of water (Kg/m3):             1 
(L) Length of hole tested (m):                  3                              
Internal diameter of pipe (mm):                 20 
                                                                                                                                                             
Length of pipe and packer (m):                26.53  
 
Test 
Period 
Manometer 
Pressure(bar) 
Height of 
Water 
(ho+hw)  
(m) 
Flow 
(Lt/min)
Loss of 
Pressure
(bar) 
Effective 
Pressure 
(bar) 
Specific 
Absorption 
Flow 
(lt/min/m) 
Coeffic.of 
permeability 
Lugeon 
First 1 1.5 0.002 0 0.5 0.000 0.007 
Second 2 1.5 0.001 0 1 0.000 0.002 
Third 3 1.5 0.00 0 2 0.000 0.000 
Forth 2 1.5 0.00 0 1 0.000  0.000 
Fifth 1 1.5 0.00 0 0.5 0.000 0.000 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
                                                             Field Data of Lugeon Permeability 
Test 
                                                                                                                                                      
Sheet 1of 2                    
 Borehole No:       RQ1B2                                                     Test Stage Characteristic 
(length measured down line of bore hole): 
                                                                                          (A) Length of casing above the 
ground level (m):                                0.44 
Borehole Test No:  1/2                                                     (B) Length of casing below the 
ground level (m):                                0.85 
                                                                                         (C) Depth of the bottom packer 
(m):                                                        6 
Date of Test: 12/01/2004                                                  (D) Depth of the borehole (m):                              
9  
                                                                                         (h0) Height of pressure gauge 
from ground level (m):                           1.5 
Packer Type: Pneumatic Single                                       (h1) Depth to center of test 
section (m):                                                7.5 
                                                                                         (hw)  Depth of ground water from 
G.L (m):                                           0 
Packer Pressure:    25 bar                                                  Depth of water used for drilling 
(m):                                                   8.26 
 
                                                                            Time (min) Test 
Period 
Gauge 
pressure 
(bar) 
0 1 2 3 4 5 6 7 8 
First 0.5 0.4309 0.4687 0.5065 0.5436 0.5814 0.6183 0.6553 0.6917 0.7282
Second 1 0.835 0.8831 0.9323 0.9812 1.0294 1.0719 1.1201 1.1692 1.2131
Third 1.1 0.528 0.5795 0.6297 0.6896 0.7307 0.7817 0.8317 0.8825 0.9449
Forth 0.8 0.09 0.1347 0.1788 0.2232 0.2682 0.3129 0.3562 0.3998 0.4448
Fifth 0.4 0.558 0.5944 0.6317 0.6696 0.7073 0.7446 0.7821 0.8192 0.8569
 
                                                                              
 
 
 
  
 
 
 
 
 
 
 
 
 
                                                                Calculation Data from LUGEON 
Permeability Test 
                                                                                                                                                                              
Sheet 2 of 2 
Borehole technical Characteristic                             
Hydraulic characteristic of the tested 
 (d) Hole diameter (mm):                         59                              
Specific weight of water (Kg/m3):             1 
(L) Length of hole tested (m):                  3                              
Internal diameter of pipe (mm):                 20 
                                                                                                                                                             
Length of pipe and packer (m):                26.53  
 
Test 
Period 
Manometer 
Pressure(bar) 
Height of 
Water 
(ho+hw)  
(m) 
Flow 
(Lt/min)
Loss of 
Pressure
(bar) 
Effective 
Pressure 
(bar) 
Specific 
Absorption 
Flow 
(lt/min/m) 
Coeffic.of 
permeability 
Lugeon 
First 1 1.5 37.04 0 0.5 12.347 246.933 
Second 2 1.5 47.35 0 1 15.783 157.833 
Third 3 1.5 50.77 0 1.1 16.923 153.848 
Forth 2 1.5 44.17 0 0.8 14.723 184.042 
Fifth 1 1.5 37.29 0 0.4 12.430 310.75 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
                                                             Field Data of Lugeon Permeability 
Test 
                                                                                                                                                      
Sheet 1of 2                    
 Borehole No:       RQ1B2                                                     Test Stage Characteristic 
(length measured down line of bore hole): 
                                                                                          (A) Length of casing above the 
ground level (m):                                0.44 
Borehole Test No:  2/2                                                      (B) Length of casing below the 
ground level (m):                                0.86 
                                                                                          (C) Depth of the bottom packer 
(m):                                                     6 
Date of Test: 12/03/2004                                                  (D) Depth of the borehole (m):                              
9  
                                                                                          (h0) Height of pressure gauge 
from ground level (m):                           1.5 
Packer Type: Pneumatic Double                                      (h1) Depth to center of test 
section (m):                                                4.5 
                                                                                         (hw)  Depth of ground water from 
G.L (m):                                           0 
Packer Pressure:    30 bar                                                 Depth of water used for drilling 
(m):                                                     8.26 
 
                                                                            Time (min) Test 
Period 
Gauge 
pressure 
(bar) 
0 1 2 3 4 5 6 7 8 
First 0.5 0.967 0.967 0.96701 0.96701 0.9671 0.96712 0.96712 0.96712 0.9671 
Second 1 0.96912 0.96912 0.96912 0.96912 0.96912 0.96912 0.96912 0.96912 0.9691 
Third 2 0.974 0.9769 0.9794 0.9819 0.9842   0.9869 0.9898 0.9925 0.995
Forth 1 1.0037 1.0045 1.0053 1.006 1.0068 1.0077 1.0082 1.0089 1.0093
Fifth 0.5 1.01095 1.011 1.01109 1.01109 1.01115 1.01115 1.0112 1.01125 1.01135
 
                                                                              
 
 
 
 
 
 
 
 
 
 
 
 
  
 
                                                                Calculation Data from LUGEON 
Permeability Test 
                                                                                                                                                                              
Sheet 2 of 2 
Borehole technical Characteristic                              
Hydraulic characteristic of the tested 
 (d) Hole diameter (mm):                         59                              
Specific weight of water (Kg/m3):             1 
(L) Length of hole tested (m):                  3                              
Internal diameter of pipe (mm):                 20 
                                                                                                                                                             
Length of pipe and packer (m):                26.53  
 
Test 
Period 
Manometer 
Pressure(bar) 
Height of 
Water 
(ho+hw)  
(m) 
Flow 
(Lt/min)
Loss of 
Pressure
(bar) 
Effective 
Pressure 
(bar) 
Specific 
Absorption 
Flow 
(lt/min/m) 
Coeffic.of 
permeability 
Lugeon 
First 1 1.5 0.012 0 0.5 0.12 0.012 
Second 2 1.5 0 0 1 0.00 0 
Third 3 1.5 2.65 0 2 26.5 2.65 
Forth 2 1.5 0.68 0 1 6.80 0.68 
Fifth 1 1.5 0.04 0 0.5 0.40 0.04        
 
 
 
 
 
